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INTRODUCTION 


It is now well recognized that adrenal cortical activity plays an 
important role in regulating the salt and water equilibrium of the body, 
and exerts certain effects upon blood pressure as well. Adrenal in- 
sufficiency results in the loss of sodium chloride and water, at times to 
the point of extreme dehydration (1), and hypotension is a frequent 
observation in Addison’s disease even after the restoration of elec- 
trolyte and water balance by appropriate therapy (2). Excessive 
treatment of patients suffering from Addison’s disease with desoxycor- 
ticosterone acetate produces salt and water retention and later may 
lead to hypertension and cardiac failure (3, 4, 5). 

The evidence that some product of the adrenal cortex plays a part 
in the mechanism of hypertensive vascular disease is less clear cut. 
Goldblatt (6) found that the development or maintenance of elevated 
blood pressure levels in dogs from constriction of both renal arteries 
appeared to depend upon the presence of adrenal cortical tissue. His 
findings have been substantiated by several investigators (7, 8, 9). 
Rogoff et al (10), on the other hand, reported the persistence of hyper- 
tension in a few totally adrenalectomized dogs without supportive 
treatment, and concluded that the adrenal gland does not play a sig- 
nificant role in experimental renal hypertension. Clinically, hyper- 
tension is usually present in Cushing’s syndrome (11), now thought to 
be caused by adrenal cortical hyperplasia or tumor (hyperadreno- 
corticism) (12). Reduction in blood pressure levels of some patients 
with hypertension has been reported following rigid restriction of 
dietary sodium (13, 14, 15). Since the blood volume of hypertensive 


1 This work was supported by a grant from the United States Public Health 
Service, 
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patients is relatively normal (16), this effect may be related to the 
observation that sodium chloride potientiates the pressor activity 
of desoxycorticosterone acetate (17, 18), and possibly of some naturally 
occurring cortical product as well. 

It was shown by Loeb and his associates (1) that adrenalectomized 
dogs excreted excessive amounts of sodium and chloride and they sug- 
gested that the so-called crisis in Addison’s disease might result from a 
similar loss of these electrolytes. Harrop and his co-workers (19) 
first observed that patients with adrenal insufficiency actually develop 
a reaction simulating a crisis of Addison’s disease following the with- 
drawal of salt from the diet. They proposed the use of a salt-free diet 
as a diagnostic test for Addison’s disease. Perera and Blood (20), 
using a similar test, found that patients with hypertensive vascular 
disease reacted to sodium restriction in the opposite fashion; salt and 
water were eliminated much less rapidly by such patients than by 
normal individuals. In their experiment, twelve patients with hyper- 
tension showed a mean loss of body weight of only 0.4 percent, in con- 
trast to a mean loss of 1.6 percent in twelve normotensive subjects 
following 24 hours of sodium withdrawal. This difference was con- 
sistent, regardless of variations in environmental temperature and 
physical activity. Significant changes in blood pressure levels or 
hematocrit were not observed after 24 hours of sodium restriction. 
The investigators concluded that a disturbance in salt and water 
metabolism exists in hypertensive vascular disease as judged by the 
abnormal response to the abrupt and rigid restriction of sodium in the 
diet. 

The discovery of this apparently abnormal metabolic characteristic 
of hypertensive individuals immediately raises an important question: 
is the inability to lose weight promptly following sodium withdrawal a 
result, or a precursor of the hypertension? It would be of great interest 
if such a metabolic factor could be found which preceded the develop- 
ment of certain types of hypertension. It was decided to subject a 
considerable number of healthy young adults to acute sodium with- 
drawal in order to ascertain the normal range of weight loss and to 
search for individuals with normal blood pressures whose response to 
sodium withdrawal was identical with that reported as characteristic 
of hypertensive subjects. This experiment was conducted as part of 
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an extensive study of normal subjects in which the significance of 
certain hereditary, physiological and psychological factors as precur- 
sors of hypertension is to be evaluated. 

Method. Observations were made on 83 male medical students in 
good health, who submitted to the dietary regimen while ambulatory 
and attending their regular courses. 64 of the 66 men in the first year 
class of the medical school participated in the experiment as part of 
their laboratory work in Physiology. In addition, 17 men in the 
fourth year class and 2 men in the third year class volunteered to take 
part in the study, bringing the total number up to 83 individuals. 
Women were not included in this preliminary study because of the 
phasic variation in body weight wh ch occurs in relation to the men- 
strual cycle. 

The general plan of the experiment was similar to that of Perera 
and Blood; the subjects were given a standard diet containing 1 gram 
of sodium chloride for three consecutive days to which 12 grams of salt 
were added on the first two days. On the third day, the additional 
sodium chloride was withdrawn, so that for 24 hours the subjects 
received a diet which was nearly sodium free. Body weight was deter- 
mined each morning. No attempt was made to observe daily urinary 
output, hematocrit values or blood pressure levels, since consistent 
changes in these factors had not been previously reported, and to obtain 
valid data concerning them under the conditions of the experiment 
would have added enormously to its complexity. 

Quarters were obtained where our staff had complete charge of 
preparing and serving the food. No other meals were served, thus 
eliminating the possibility of confusion between different diets simul- 
taneously prepared. The standard diet as calculated contained 2900 
calories, consisting of protein 86 grams, carbohydrate 394 grams, fat 
109 grams, and approximately 1 gram of sodium chloride (Table 1). 
On the first two days six grams of sodium chloride were supplied in a 
shaker to each subject, to be completely used each day. In addition, 
he received 6 grams of sodium chloride in enteric coated tablets, two 
grams after each meal. On the third day the standard diet was 
served without additional sodium chloride. Thus the subjects re- 
ceived a normal or slightly high sodium diet for two days and an ex- 
tremely low sodium diet on the third day, while caloric intake remained 
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constant. The fluid intake of the first day was noted and kept ap- 
proximately the same for each individual on the three days of the 
study, but no attempt was made to impose a standard 24 hour fluid 
intake on the group as a whole. 

The experiment was carried on for five weeks with 19 to 22 students 
undergoing the regimen each week.? The students were weighed with- 


out clothes, after voiding and before breakfast. 


Independent weigh- 
































TABLE I 
Standard Low Sodium Diet 
BREAKFAST LUNCH DINNER EVENING NOURISHMENT 
Gms. Gms. Gms. Gms. 

Orange juice 120 | Groundround| 90 | Pineapple 120 | Jam sand- 

Puffed wheat 15 steak 150 juice wich: 

Egg (1) 50 | Baked potato Lean beef 100 | Bread* 40 
(soft or hard Salad: 75 steak Butter* 5 
boiled) Tomato 20 | Boiled new 100 | Grape jam 25 

Toast* 60 | Lettuce 60 potatoes Banana 150 

Butter* 15 | Bread* 20 | Fresh peas 100 

Grape jam 25 | Butter* Celery hearts 10 

Cream: Canned Radishes 10 

Heavy cream 30 peaches | 150 | Carrot strips 20 
Whole milk 90 | Peaches 50 | Bread* 60 
Coffee 120 | Juice 180 | Butter* 20 
Sugar 15 | Coca Cola Fresh straw- | 100 
berries 

Sugar 10 

Lemonade 
Sugar 15 
Lemon juice 15 

* = salt free 


ings of each student were made by two assistants, whose readings 
checked each other within 2 oz., with a mean deviation of 0.7 oz. or 
0.02 kg. The average of the two readings was taken as the daily 
weight. In addition to the weights, the record sheets included nota- 
tions concerning fluid intake, number and time of bowel movements, 


2 In addition, a preliminary trial was carried out on Subjects 1 and 2, on the 
Metabolism Ward of the Johns Hopkins Hospital, through the kindness of Dr. 
John Eager Howard and Miss A. Elizabeth Crozier, Dietician. 
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exact food consumption,’ any slight symptom or deviation from health, 
and amount of smoking. 

An analysis of the sodium content of the standard diet was made 
each week on the day of sodium withdrawal.‘ One-half of the total 
daily diet (as fed the subject) was carefully dried and ground to fine 
powder. An aliquot was accurately weighed and ashed in a muffle 
furnace at 500° C. in a platinum dish, then dissolved in distilled water 
to a volume of 100 ml., and analyzed in a flame photometer. The 
sodium content per 24 hour total diet ranged from 16.7 to 25.1 meq., 
with a mean value of 20.2 meq. The actual amount of sodium in the 
diet each week is shown in Table 2, expressed both in milliequivalents 
of sodium and as grams of sodium chloride. 


RESULTS 


A total of 107 tests were carried out on 83 subjects. Fifty-nine 
students underwent the regimen once, while twenty-four subjects 
submitted to duplicate tests. The data have been tabulated in 
Table 2. Eighty-one subjects lost weight in 103 tests following 24 
hours of sodium restriction. Subject 44 gained a very small amount 
in both of two tests, while Subject 7 lost a small amount on one test 
and gained a trifle on the other. The range of weight change from 
Day 3 to Day 4 (the period of sodium restriction) was from —1.4 kg. 
to +0.1 kg. Since body weight ranged from 110.6 to 51.1 kg., it was 
considered desirable to calculate the weight change in terms of per- 
centage loss of total body weight. The range of percentage weight 
change was from —2.16 to +.13% (all subjects). 

64 of 66 men in the first year class participated in the experiment. 
They may be considered as a satisfactory unselected sample of normal 
male medical students, ranging in age from 19 to 31 with a mean age 
of 24.2 years. The curve of distribution (Figure 1) of the percentage 
weight change has been based upon the first trials of these 64 subjects 


3 If the subject failed to eat a portion of the diet (such as radish, tomato or eve- 
ning nourishment) on the first day, the same item was omitted on the subsequent 
days. 

‘The analyses were carried out with the assistance of Mr. Harry Eisenberg, 
Chemical Division of the Department of Medicine. 
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SODIUM | WEIGHT CHANGE 
, “STANDARD bireh J BODY WEIGHT IN KILOGRAMS ~~~ ao 
— 24 HOURS sean | A DAY 3-DAY 4 
} ll eS) | | Day 1 | Day 2 | Day 3 hana Day 5* Kg. % 
—|————_| —| | | 
r | 24.1) 1.4] 1A | 20/ 68.5 | 69.0 | 69.2 | 68.1 | | —1.1 | —1.59 
March | | 2A | 22 | $6.6 | $6.7 | 56.7 | 56.1 | —0.6 | —1.06 
wa} | | | | | | 
mean = 62.55 62.85 62.95 62.10 
I | 19.3] 1.1 | 3A | 26 | 57.04| 57.07| 56.84| 56.36| 56.53] —0.48| —0.84 
April | 4 | 28 | 72.74| 72.60] 72.09] 71.30| 71.74} —0.79| —1.10 
13-17 | | SA | 26 | 67.86| 67.92) 67.75| 66.96 67.81] —0.79 —1.17 
| | 6 | 20 | 68.32} 67.55} 68.03] 67.15| 68.04) —0.88| —1.29 
| | 7 At | 22 | 68.83) 67.75] 67.61] 67.69| 67.47] +0.09| +0.13 
| | gat | 22 | 60.33] 60.64| 60.58] 60.27| 59.79] —0.31| —0.51 
| | | 1B | 20 | 67.36 66.99] 67.10, 66.14) 67.24] —0.96| —1.43 
| | 9 | 24| 59.76! 59.45| 59.82] 58.80| 59.25] —1.02| —1.71 
| 10 =| 31 | 69.34) 69.68] 69.39] 68.43} 68.01] —0.96| —1.38 
11 | 31 | 65.77] 65.77| 66.05| 65.46, 65.66, —0.59| —0.89 
12A | 21 | 56.93} 56.93} 56.84) 56.02) 56.30] —0.82| —1.44 
13A | 22 | 73.14| 73.59| 73.70 73.42| 73.46] —0.28| —0.38 
14 | 22 | 79.95| 79.44] 79.41] 78.22| 78.83} —1.19| —1.50 
15 | 26 | 71.78) 71.89| 71.66] 70.61) 71.30] —1.05| —1.47 
16 | 27 | 59.53| 59.79| 60.07| 59.22) 60.33} —0.85| —1.42 
17 | 21 | 72.97| 72.71) 72.91] 71.69] 72.83} —1.22] —1.67 
18 | 29 | 61.74! 61.80| 61.80) 60.69| 60.02} —1.11) —1.80 
1/19 | 23 | 59.47| 59.47] 59.50, 58.71| 59.56] —0.79| —1.33 
| 20A | 21 | 76.20 76.74| 76.63] 76.21| 76.48, —0.42| —0.55 
| 21A | 30 | 65.60) 65.09 64.64) 63.76| 64.07) —0.88| —1.36 
| | |22a | 23 | 73.53| 74.90| 73.99| 73.28) 73.29) —0.71| —0.96 
| | | 23. | 21 | 74.84) 75.10] 74.90) 74.05] 74.80 —0.85| —1.14 
mean = 67.41 67.40 67.33 66.57 66.95 
mm | 17.0, 1.0| 244 | 22 | 68.38] 68.15| 68.26] 67.78| 67.81] —0.48| —0.70 
April | | —| 25A | 24| 67.02) 67.13] 67.13| 66.56, 66.91] —0.57| —0.85 
20-24; | | 26A | 21 | 85.10 84.42) 84.76| 83.51| 84.71, —1.25| —1.47 
| | | 27 | 21 | 72.69) 71.84) 71.53) 70.68) 71.50 —0.85| —1.19 
| | | 28 | 21 | 71.21) 70.62] 70.88] 69.77| 70.08, —1.11| —1.57 
| | 29A | 22 | 66.05) 66.11| 65.54) 65.26 65.19, —0.28| —0.43 
| | | 830A. | 26 | 91.45, 90.23) 89.75| 89.41] 89.81) —0.34| —0.38 


\ 





1 A and B indicate two trials carried out on the same subject. 
2 At the end of twenty-four hours on low sodium diet. 

3 After 24 hours of diet and salt as desired. 

‘ Upper classman, not included in distribution curve. 
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TABLE 2—Continued 
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cones | | | wesomr cuawoz 
STANDARD. | BODY WEIGHT IN KILOGRAMS | FOLLOWING sopruM 
exrem | pir ror | suszect | ace | sane 
PERIOD ae | | 
aN, | Nact | Day 1 | Day 2 | Day 3 | Day «| Day s| Kg. | % 
—— i] | | | | 
Il 31A | 23 | 60.27| 60.44 a 60.05| 60.16 —0.11) —0.18 
April | 32 | 25 | 76.09) 75.81) 75.41) 74.79) 75.69 —0.62) —0.82 
20-24 | 7 BS | 22 | 69.00) 68.49) 67.53] 67.25} 67.02) —0.28| —0.41 
Cont. | 33 | 21 | 69.40) 69.77) 69.80) 68.95) | —0.85) —1.22 
| 34 | 23 | 80.85| 80.43) 80.17) 79.35) 80.40) —0.82, —1.02 
| 35 | 22 | 62.59] 62.48) 62.54 61.55| 62.54, —0.99| —1.58 
| 36 | 22 | 74.78) 74.61) 74.95| 74.16, 74.39] —0.79| —1.05 
| 37 | 20 | 59.25| 59.45) 59.56) 58.60) 58.57, —0.96] —1.61 
38A | 19 | 53.64) 54.09) 53.83) 53.55) 54.09} —0.28, —0.52 
| 39 | 21 | 85.39| 85.19) 85.61} 84.42) 84.99) —1.19) —1.39 
| 40 | 23 | 64.52) 64.78) 64.78) 64.33) 64.52, —0.45| —0.69 
| 41¢ | 22 | 58.00) 58.06, 58.26) 57.95| 58.68) —0.31| —0.53 
| 42 | 23 | 72.85) 72.26, 72.54) 71.32) 72.23, —1.22) —1.68 
| 43 At | 23 | 77.16| 76.82) 76.78] 76.20) | —0.58) —0.76 
mean = 70.75 70.53 70.47 69.78 69.96 
1v | 16.7| 1.0| 44. | 21 |109.46|108. 18]107.64|107.73 +0.09) +0.08 
April /45 | 21 | 62:88 63.19) 63.05) 62.31 | —0.74, —1.17 
27-30 | 46 | 25 | 59.87} 60.04) 59.95) 59.50) | —0.45| —0.75 
47 26 | 58.94} 59.25} 59.65| 59.08) | —0.57| —0.96 
48 | 22 | 69.45| 69.65| 70.02) 68.97| —1.05| —1.50 
49 20 | 70.08) 70.59] 70.42| 69.20 | —1.22} —1.73 
50 | 24 | 50.66 50.92} 51.09) 50.13) | —0.96, —1.88 
51 | 29 | 77.14) 77.20) 77.37| 76.63) | —0.74| —0.96 
52A | 29 | 92.79) 93.13] 93.07| 92.93) —0.14) —0.15 
53 | 29 | 74.42| 75.21) 75.41) 74.36) | —1.05} —1.39 
54 | 25 | 62.74) 63.16) 63.05| 62.03) | —1.02| —1.62 
55 | 29 | 64.71) 64.21) 64.30) 63.39) | —0.91) —1.42 
56 | _29 |105.60|105.23|104.81]103.87| | —0.94) —0.90 
57 | 27 | 81.96 82.10) 81.59) 80.77) | —0.82} —1.01 
58A | 21 | 68.26) 68.12) 67.58) 67.13) —0.45| —0.67 
59 | 27 | 84.34 84.45| 84.14) 83.18) —0.96| —1.14 
| 60 | 30 | 80.23) 80.09) 79.92) 79.07 —0.85| —1.06 
| 61 | 28 | 65.74) 66.36 65.77| 64.78) | -0.99| -1.51 
| 62 | 30 | 71.52) 71.55) 71.52) 70.64 | —0.88) —1.23 
| 63 | 28 | 61.17) 61.17) 61.57) 60.72 | —0.85) —1.38 
| 2B | 22 | $4.48) 55.76, 55.14) 53.95, —1.19) —2.16 
mean = 72.69 72.84 72.72 71.92 











TABLE 2—Concluded 
















































































SODIUM WEIGHT 
y Any BODY WEIGHT IN KILOGRAMS FOLLOWING soDrUM 
uaentat | DIRT TOR | SUBIECT | agp Dav Spay 4 
PERIOD 
Na ag Day 1 | Day 2 | Day 3 | Day 4| Day # Kg. % 
Vv | 19.1) 1.1 | 64 20 | 68.49] 68.38] 68.61) 67.70 —0.91) —1.33 
May 24B | 22 | 67.53) 67.53| 68.12| 67.75 —0.37| —0.54 
4-7 25B | 24 | 67.73| 68.15] 67.81] 66.85 —0.96| —1.42 
654 | 22 | 67.30| 67.53] 67.98| 66.90 —1.08| —1.59 
29B | 22 | 66.39| 65.77] 65.18] 65.07 —0.11) —1.17 
58B | 21 | 67.27] 67.47) 67.50| 66.59 —0.91] —1.35 
38B | 19 | 53.66| 54.43] 54.57| 54.17 —0.40| —0.73 
28B | 21 | 71.16] 70.45] 70.19] 69.62 —0.57| —0.81 
66¢ | 22 | 71.32] 71.55] 71.07] 70.22 —0.85| —1.20 
3B | 26| 56.02| 56.36] 56.73] 55.96 —0.77| —1.36 
5B | 26 | 67.73| 67.90| 67.59] 67.02 —0.57| —0.84 
8 Bt | 22 | 60.33| 61.24] 60.33] 60.22 —0.11} —0.18 
67A | 27 | 75.01] 75.75| 75.86] 74.44 —1.42| —1.87 
12B | 21 | 56.18] 56.35| 56.44] 55.76 —0.68} —1.20 
13B | 22 | 73.33] 73.42| 73.31] 72.63 —0.68} —0.93 
31B | 23 | 61.38} 60.87| 60.81| 59.76 —1.05| —1.73 
30B | 26 | 90.49] 90.72] 90.98) 90.24 —0.74| —0.81 
20B | 21 | 75.75| 76.23| 76.37| 76.06 —0.31| —0.41 
68 | 23 | 67.27| 67.47| 67.61| 66.67 —0.94| —1.39 
43 Bt | 23 | 76.99| 76.71| 76.71| 75.75 —0.96| —1.25 
52B | 29 | 93.61] 93.58| 92.90] 92.36 —0.54| —0.58 
69 | 24 | 82.16] 82.19] 81.82] 81.08 —0.74| —0.90 
mean = 69.87 70.00 69.93 69.22 
VI | 25.1) 1.5 | 26B | 21 | 86.35) 85.22| 85.22) 84.43 —0.79| —0.93 
May 22B | 23 | 74.11] 74.73] 74.79| 73.74 —0.85| —1.14 
11-14 70 26 | 59.42] 59.99] 59.88] 59.11 —0.77| —1.29 
71 20 | 74.50| 74.44) 73.99] 73.82 —0.17| —0.23 
67B | 27 | 74.84| 75.32| 75.46] 74.44 —1.02| —1.35 
44B | 21 |113.39|111.29|110.64|110.73 +0.09| +0.08 
72 | 23 | 74.22| 74.73] 74.16] 73.59 —0.57| —0.77 
73 24 | 72.52| 73.17| 72.91| 72.12 —0.79| —1.08 
744 | 22 | 87.77| 87.09] 86.92) 86.41 —0.51| —0.59 
75¢ | 23 | 72.77| 72.86) 72.77| 72.00 —0.77| —1.06 
76 | 20 | 67.27| 68.04] 68.38] 68.04 —0.34| —0.50 
77* | 26 | 59.59) 59.36] 59.64| 59.10 —0.54| —0.91 
78 | 22 | 71.58] 71.89) 71.72) 71.21 —0.51| —0.71 
79 | 24 | 72.40) 72.88) 72.91] 71.86 —1.05| —1.44 
80* | 21 | 78.07| 78.58) 78.30| 77.93 —0.37| —0.47 
| 81¢ | 24 | 78.07] 78.10) 78.07] 77.53] —0.54) —0.69 
| 21B | 30 | 64.52) 64.26 64.49] 64.35| —0.14| —0.22 
| g2* | 23 | 72.46] 72.86) 73.40} 72.92! —0.48| —0.65 
| a3 | 23 | 76.03 76.03| 75.46 74.78 —0.68} —0.90 
mean = 75.26 75.31 75.22 74.64 
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only. This curve shows that 46 of the 64 subjects lost between 
0.90 and 1.89 percent of body weight, with the peak of greatest fre- 
quency at 1.4 percent. The distribution curve is skewed in the direc- 
tion of lesser amounts of weight loss, so that while only one individual 
lost 1.9 percent or more of body weight, 17 subjects, or 26.6 percent, 
showed a weight change of less than —0.90 percent, ranging from 
—0.89 to +0.08 percent. Since none of Perera and Blood’s 12 normo- 
tensive subjects lost less than 0.84 percent, and since the range of 
weight change of their series of 12 hypertensive patients was from 
—0.88 to +0.28 percent, it appeared important to consider further 
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Fic. 1. Distribution curve showing the percentage change in body weight follow- 
ing a 24 hour period of sodium restriction occurring among 64 unselected male 
students on their first tests. 





this significant group of our subjects whose weight response was 
similar to that of their hypertensive series (20). 

It was evident that these 17 subjects might have lost less weight 
than the majority of their fellows following sodium withdrawal for 
one or more of the following reasons: 

1. The conditions of the experiment were not sufficiently rigid to 
prevent considerable physiological variability in response. 


5 The data of the 19 upper classmen, important in certain regards, is not in- 
cluded in the distribution curve. They entered the experiment for a number of 
special reasons and so cannot be regarded as part of a “random sample”; some 
had a family history of hypertension, high normal blood pressure or a positive 
cold test, while others partook because of their interest or accessibility. 
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2. The subjects had in some measure failed to comply with the 
conditions of the experiment and had therefore not been exposed to the 
full effect of sodium withdrawal. 

3. The subjects actually were less physiologically responsive to 
sodium withdrawal than the larger portion of the group examined. 

The test was, therefore, repeated in 24 subjects, including 15 “small 
losers” who lost less than 0.9 percent body weight following sodium 
restriction on the first trial and nine “large losers” who lost 0.9 percent 
or more. 

The weight loss following the first and second trials of sodium with- 
drawal is recorded in Table 3, together with the percentage difference 
of each of the two tests from the mean. In 19 out of 24 individuals, 
or 79 percent, the difference between the mean and the actual tests 
was less than 0.3 percent of body weight. Thirteen of the fifteen 
“small losers” showed this high degree of consistency upon duplicate 
tests, and nine fell within the limits of the “small loser” group on both 
of the tests (Subjects 44, 20, 24, 38, 29, 8, 52, 30 and 7). Out of the 
entire 24, nine subjects fell on one test in the “small loser” and in the 
other test in the “large loser” group. The consistency of the test was 
good in four of the nine, suggesting that their responses were actually 
“borderline” (Subjects 43, 3, 13 and 25) while in five individuals (Sub- 
jects 58, 31, 28, 2 and 21) the degree of inconsistency suggested that 
some additional factors rendered the tests unsatisfactory. The pos- 
sible nature of these factors will be considered presently. 

In contrast to the nearly uniform weight Joss following salt restric- 
tion, the daily weights fluctuated in both directions and to a lesser ex- 
tent during the first 48 hours on the standard diet plus sodium chloride. 
(Table 2). This is reflected in the mean values for the daily weights 
for each of the experimental periods. These daily mean values are 
plotted in Figure 2, which clearly illustrates the consistent trend 
toward decreased weight following sodium restriction. That the 
smaller daily variations in weight during the period of adaptation to 
the standard diet were not merely haphazard, but were related to the 
physiological makeup of the individual is suggested by the high degree 
of consistency of many of the duplicate tests (Figure 3). Such con- 
sistency was evident throughout the four day experimental period in 
Subjects 26, 67, 12, 43, 13. 44 and 20, while in Subjects 22, 28, 5, 1, 29 
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and 8, the correspondence of weights on three out of the four days 
was excellent. In still another group (Subjects 58, 7 and 38) the 
duplicate weight curves show considerable similarity. In only a few 
instances (Subjects 2, 21 and 30) were the two curves highly dissimilar. 
Since all but one (Subject 12) of the duplicate tests were carried out 
on subjects whose first test was unusual in some regard,® the most 
inconsistent results might be expected to appear among this group of 


TABLE 3 
Percentage Weight Loss of Twenty-Four Subjects in Duplicate Salt Withdrawal Tests 


| 
“SMALL LOSERS” IN FIRST TEST } “LARGE LOSERS” IN FIRST TEST 








% Weight Loss | Mean % | % Differ- % Weight Loss | Mean % | % Differ- 


Wt. Loss | ence each Subject| Wt 


2 | ane ee = 
te paepmneny Fm | Test from , est from 
| ist Test | 2ndTest| 7 Tests Mean ist Test |2nd Test| 7 T¢StS |“ Mean 
| | | } } 





| | | 
44 | +0.08| +0.08) —0.08 | 0.00 1 | —1.59| —1.43) —1.51 | 0.08 
20 | —0.55| —0.41) —0.48 | 0.07 | 22 | —0.96| —1.14) —1.05| 0.09 
24 | —0.70| —0.54; —0.62 | 0.08 | 12 | —1.44) —1.20} —1.32| 0.12 
38 | —0.52) —0.73| —0.625 | 0.105 | 5 | —1.17| —0.84) —1.005| 0.165 
29 | —0.43} —0.17| —0.30 | 0.13 | 67 | —1.87| —1.35| —1.61| 0.26 
8 | —0.51) —0.18| —0.345 | 0.165 | 26 | —1.47| —0.93| —1.20| 0.27 
30 | —0.38| —0.81) —0.595 | 0.215 | 28 | —1.57| —0.81| —1.19| 0.38 
52 | —0.15| —0.58} —0.365 | 0.215 | 2 | —1.06| —2.16) —1.61/| 0.55 
43 | —0.76| —1.25| —1.005 | 0.245 | 21 | —1.36| —0.22} —0.79| 0.57 
3 0.84) —1.36| —1.10 | 0.26 

7 | +0.13} —0.41) —0.14 | 0.27 | 
13 | —0.38} —0.93| —0.655 | 0.275 
25 | —0.85| —1.42) —1.135 | 0.285 





58 —0.67| —1.35) —1.01 | 0.34 
31 —0.18) —1.73; 0.955 | 0.775 




















subjects. The fact that so many of these curves were repeatable at- 
tests to the general cooperation of the subjects and the validity of the 
method. 

In experimental periods II and III (Table 2 and Figure 2) the sub- 
jects were allowed to return to their usual uncontrolled diets for 24 
hours after the period of salt withdrawal and were then weighed under 


® Subjects 1 and 2: weighed partially clad in first tests on Metabolism Ward. 
Subjects 5 and 22: irregular curves. Subject 21: continuous weight loss through- 
out first experimental period. Subjects 67, 26, and 28: unusually large weight 
loss on sodium withdrawal. Remaining 15 subjects: “small losers”’. 
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standard conditions. The 37 first year students thus observed showed 
a mean weight gain of 60% of the weight lost while sodium was re- 
stricted at the end of 24 hours of unrestricted salt intake. 

It is beyond the scope of this experiment to investigate in detail the 
various factors which might contribute to the daily fluctuations in 
weight while the subjects were on a standard diet, but brief statements 
may be made about a few of them. There is little evidence that 
changes in caloric intake played a significant role. All subjects found 
the diet satisfactory and quantitative differences from their customary 
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WEIGHT CHANGE IN KILOGRAMS 














SODIUM RESTRICTION 
Fic. 2. THe Errecr oF Sopium RESTRICTION UPON Bopy WEIGHT IN 
105 Tests 


Each line represents the mean weight of all the subjects taking part in one ex- 
perimental period. (See Table 2 for detailed data. Period I, a preliminary study 
on 2 subjects only, is not included.) 


food intake probably were seldom great. Consistent weight change 
in one direction or the other throughout the preliminary 48 hours was 
not conspicuous in most subjects. The heaviest subject in the study, 
however, was an outstanding exception in this regard: 


Subject 44, who is 6'1” tall, weighed 121.6 Kg. 6 months before taking part in 
the experiment. On a 1700 calorie reducing diet without salt restriction his 
weight fell to 105.2 Kg. at an average rate of 0.22 Kg. lost per day. During the 
period of reduction he was weighed frequently; the most rapid weight loss was at 
a rate of 0.48 Kg. per day for one 7 day period. Strict dieting was abandoned 11 
weeks before the experiment began and weight had increased to 109.5 Kg. Be- 
tween Test A and B it increased still further to 113.4 Kg. In the first 48 hours of 
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the experiment, he lost weight at a rate of 0.95 Kg. and 1.4 Kg. per day during 
tests A and B respectively, a much more rapid rate than when he was on the reduc- 
ing diet. Salt intake seemed to him a little higher than normal during these two 
days. On the same caloric intake, weight loss ceased when salt was withdrawn. 
(Figure 3). This response remains to be explained. It suggests that the usual 
type of salt and water control was modified in this obese subject. 


Spontaneous comments were recorded on the quantity of salt in- 
gested with the standard diet on Days 1 and 2 in comparison with the 
subjects’ usual salt intake. The mean daily weights of the subjects 
who believed that salt intake was unusually high were compared with 
those who considered salt intake unusually Jow during that period. 
No significant change in weight at the end of 48 hours was present in 
either group. 

The only subject for whom an exception was made in regard to salt 
intake was as follows: 


Subject 61 stated that he was in the habit of eating large quantities of salt, up 
to 40 grams daily. Examination revealed normal blood pressure and no clinical 
evidence of Addison’s disease. During Days 1 and 2 he was allowed to use as 
much salt as he pleased from the shaker, and actually consumed 29 grams of shaker 
salt plus 6 grams of sodium chloride in tablet form daily. He weighed 65.74 
Kg. on Day 1, and 65.77 Kg. after 48 hours on this unusually high salt intake. 
On Day 3 he ate the same sodium-restricted diet as the others. Following sodium 
withdrawal, he lost 1.51 per cent of body weight, thus conforming closely to the 
mode of 1.4 per cent for the unselected group. 


Body weight was not consistently affected by variations in bowel 
activity except when stools were totally absent for 24 hours. (Figure 
3). When a subject had no bowel movement on a certain day in one 
test and one or more movements on the corresponding day in the 
duplicate test, the body weight was always higher, as might be antici- 
pated, when no bowel movement had occurred (Subjects 22, 28, 2, 
21 and 3). Some of the more obvious discrepancies in duplicate tests 
were unrelated to the number of stools per day (Subjects 5 and 8), 
and conversely, rather different numbers of bowel movements in 24 
hours did not necessarily interfere with the similarity of the duplicate 
curves (Subject 20). 

Smoking was not restricted during the experiment. Thirty-five 
subjects, however, did not smoke at all during the tests. Fourteen 
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Fic. 3. Tue Errect oF Soprum REstricTIon Upon Bopy WEIGHT 
IN TWENTY-Four DvupLicaTE TESTS 

ME indicates 24 hour period of sodium withdrawal from Day 3 to Day 4. 

The subject numbers are given to the right of each pair of curves; for further 
details, see Table 2. Note that the upper curve of each pair represents heavier 
weight and is not necessarily the first test. The number of bowel movements for 
each 24 hour period are charted below each pair of curves. 

Column A: subjects who were “large losers” on both tests. 

Column B: subjects who were “large losers” on one test, and “small losers” 

on the other. 
Column C: subjects who were “small losers” on both tests. 
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subjects smoked a little, 15 smoked from 10 to 19 cigarettes a day, and 
19 smoked 20 cigarettes a day or more. “Large Losers” and “small 
losers” appear in all the groups, and there is no indication that smoking 
affected the weight loss following sodium withdrawal. 

Despite efforts to exclude subjects from participating when any 
ailment was present, six (Subjects 26, 7, 31, 46, 73 and 74) developed 
fresh upper respiratory infections during the test period. Three of 



































TABLE 4 
Response to Sodium Withdrawal during Upper Respiratory Infection 
% WEIGHT LOSS AFTER SODIUM WITHDRAWAL 
SUBJECT NO. TEST NO. 
Infection Present Infection Absent 
7 A +0.13 
B —0.41 
26 A —1.47 
B —0.93 
31 A —0.18 
B —1.73 
Mean —0.33 —1.20 
40 —0.75 
73 —1.08 
74 —0.59 
Mean of six tests, “Infection Present” —0.57. Range, —1.08 to +0.13 





these had duplicate tests when they were free from infection. (Table 
4). 

It will be noted that in all three subjects who had duplicate tests 
weight loss was less during the test in which infection was present. 
While the instances of upper respiratory infection were so few that no 
conclusions can be drawn, the data raise the possibility that sodium 
withdrawal during this type of infection results in a subnormal loss of 
body weight. 

Discussion and Correlations. Of 64 unselected students, 47 lost 
0.9 percent or more of body weight following sodium restriction. 
Seventeen, however, lost less than this amount, and in this respect 
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resembled the hypertensive patients studied by Perera and Blood (20). 
Where duplicate tests were done, they were consistent in 79 percent of 
cases. The data show that a considerable porportion of normal sub- 
jects had the so-called hypertensive pattern of response to sodium 
restriction. 

May this pattern of response, when found in a normal individual, 
indicate a “‘prehypertensive state”? This can only be directly deter- 
mined by observing such subjects over a period of years. Indirect 
evidence, however, may be sought through evaluating a number of 
factors which have been found by other investigators to show a positive 
correlation with the subsequent development of hypertension. These 
include familial hypertension, overnutrition, high normal blood pres- 
sure levels and vasomotor hyperreactivity to the cold pressor test. 
Did those of our normal subjects who presented one or more of these 
four traits show a different pattern of weight change following sodium 
withdrawal from the subjects who did not show any of these traits? 

In order to determine whether any such correlation existed, the 
subjects were separated into groups according to the following cate- 
gorical criteria: 

1. Familial hypertension: history of definite hypertension in one or 

both parents. (21) 
2. Overnutrition: 10 lbs. or more above “ideal” body weight for the 
subject’s height and age. (22) 

3. High normal blood pressure levels: resting levels above 120 mm. 

systolic and/or 80 mm. diastolic pressure. 

4. Vasomotor hyperreactivity to the cold pressor test:’ a rise of 20 mm. 

or more of systolic and/or diastolic pressure. 

5. None of these Four Traits. 

The authors are fully aware of the theoretical difficulties inherent in 
any such arbitrary division; these will be discussed in subsequent 
papers in which each one of these factors is analyzed in detail, together 
with the methods used. It is obvious, for instance, that group 1 does 
not include all those with familial hypertension, while group 2 includes 
some who have no excess fat. Nevertheless, by this means a practical 
sorting out of groups which present different characteristics is accom- 
plished. 


7 Method of Hines and Brown (23). 
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Fic. 4. Distribution curves showing the percentage change in body weight 
A. following a 24 hour period of sodium restriction in: 
A. 11 Subjects with Familial Hypertension 
B. 22 Subjects with Overnutrition 
n C. 14 Subjects with High Resting Blood Pressure Levels 
t D. 21 Subjects with Vasomotor Hyperreactivity 
‘. E. 30 Subjects without these Four Traits (A, B, C and D) 
‘S I. Indicates the borderline between the hypertensive and normal subjects of 
S Perera and Blood. 
il 
1- For this purpose, the 64 unselected subjects were divided into 30 
who had none of the four traits and 34 who had one or more such traits; 
to the latter group were added the 12 upper classmen who were in- 
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cluded in the study because they showed one or more of these traits. 
There was some overlapping; while 27 subjects showed one trait only, 
16 showed two and 3 had three of the traits defined above. 

The distribution curves of the response of body weight to salt with- 
drawal of the subjects in each of these five groups is shown in Figure 4. 
The line of demarcation between the metabolic response of the hyper- 
tensive and the normal subjects of Perera and Blood has been used as 
a point of reference. It will be noted that a higher proportion of the 
subjects with familial hypertension, overnutrition, high normal blood 
pressure levels or vasomotor hyperreactivity show a metabolic response 
like that of hypertensive patients than occurs among subjects free 
from these four traits, although the numbers are not sufficiently large 
to make this difference statistically significant. 

Summary and Conclusions: 

1. The body weights of 83 male medical students were observed 
following twenty-four hours of rigid sodium restriction while on a 
standard diet. 

2. The range of weight change following sodium restriction, ex- 
pressed in percentage of total body weight, was from —2.16% to 
+0.13%. 

3. In a group of 64 unselected students, a weight loss of 1.4% was 
the most frequent change observed. 

4. The weight loss of 47, or 73.4% of these unselected subjects, fell 
within the range heretofore described as the “normal” response to 
sodium withdrawal. 

5. The remaining 17, or 26.6% fell outside of that range, and coin- 
cided with the range previously considered characteristic of patients 
with hypertension. 

6. Consistent results were obtained in 19 of 24 subjects who sub- 
mitted to duplicate tests. 

7. Our findings indicate that a considerable proportion of normal 
young men respond to sodium withdrawal in a manner similar to the 
response of hypertensive patients. 
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BRONCHOGRAPHY IN THE SEVERELY DISCHARGING 
LUNG 
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Adequate bronchography in the presence of copious pulmonary 
discharge poses a perplexity of major import in the study of the bron- 
chiectatic patient. Of the varied techniques designed to improve the 
efficiency of the bronchographic examination, all have demonstrated 
serious limitations in the type of case under discussion. This study 
concerns the occasional patient who expectorates in the neighborhood 
of 400 cc. of secretion daily. 

Following bronchoscopy, the sputum produced overnight in these 
cases prevents adequate opacification of even the major bronchi with 
contrast agent. If bronchoscopy immediately precedes the instillation, 
profound cough results in expectoration of the injected iodized oil. 
Anesthesia proves ineffectual, due to lack of contact of the local agent 
with the pus-lined bronchial walls. Additional instillations of anes- 
thetic solutions also fail to overcome the irritation of bronchoscopic 
trauma. When aerosols of penicillin and/or streptomycin are em- 
ployed, the quantity of discharge is materially lessened. Their use is 
contraindicated, however, in a purely diagnostic procedure, because of 
the likelihood of rendering the existing organisms drug-fast. 

Although catheter suction of the tracheobronchial tree was found 
to be significantly less traumatic than bronchoscopy in our series, the 
results were inferior. Spasmodic closure of the glottis during coughing 
exhausts the air in the tree and the general negative pressure prevents 
point suction at the end of the catheter. This procedure cannot be 
employed in small children, as sudden lowering of oxygen tension may 
quickly prove fatal. 

Analysis of the results of the catheter method, nevertheless, indicated 
potentialities in this direction. To perfect this technique, increase in 
efficiency was required. Our problem resolved to maintainance of 
constant patency of the glottis—temporary exteriorization of the 
trachea, without resorting to the drastic procedure of tracheotomy. 
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Fic. 1. Post-operative pneumectomy for unilateral cystic disease. Conven 
tional bronchographic study performed after bronchoscopy failed to provide expla 
nation of persistent copious pulmonary discharge. 





Fic. 2. After aspiration of tracheobronchial tree by method described, true 


state of the long diseased left bronchial stump is demonstrated. 
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A new thin-walled, plastic endotracheal tube proved to be the solu- 
tion to this enigma. It softened in warm water; on cooling it assumed 
a semi-rigid nature, elastic enough to prevent trauma. After anes- 
thetizing the upper air passages, including the nares and nasopharynx, 
the tube was passed under mirror vision into the upper trachea, well 
above the carina. Both sides of the bronchial tree were aspirated by 
long catheter or small caliber plastic tubing through the lumen of the 
endotracheal tube. If the secretions were found to be tenacious, flush- 
ing with small quantities of saline solution was next performed. After 

_ removal of the pus, the lower tree was anesthetized by dilute ponto- 
caine instillation. The agent was undoubtedly much more effective on 
the clean bronchial walls. 

If the endotracheal tube were left in place, the oil catheter could be 
easily introduced through it into the tree. By not removing the tube 
until after the roentgenological examination was completed, coughing 
was reduced, and working in the darkened fluoroscopy room was 
facilitated. All of the cases studied were subjected to bronchoscopy 
twenty-four hours prior to bronchography for removal of collected 
discharge. Postural drainage was instituted after this procedure. 

By this method, we have been able to demonstrate bronchiectasis 
in all five lobes and lingula at one bronchographic examination in a 64 
year old female whose sputum was in excess of 800 cc. per day. In 
another case of severe unilateral disease, producing nearly 1200 cc. per 
day, we proved the contralateral lung to be essentially normal, and this 
cleared the patient for surgery. A case of cystic pulmonary disease 
with persistent post-operative discharge was shown to have a long 
diseased bronchial stump responsible for the continuance of symptoms 
(Fig. 1 and 2). All other methods had failed to adequately demon- 
strate the bronchial tree in the cases cited above. We feel that this 
procedure is a valuable addition to the armamentarium of those 

attempting bronchography in the exceptional case of severe pulmonary 
discharge. 





PYRIDINE LIVER AND KIDNEY INJURY IN RATS; THE 
INFLUENCE OF DIET, WITH PARTICULAR ATTENTION 
TO METHIONINE, CYSTINE, AND CHOLINE! 


JAMES H. BAXTER? 
From the Department of Medicine, Johns Hopkins University Medical School, 
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The development of necrosis of the liver, involving predominently 
the central portions of the lobules, followed by cirrhosis, calcification, 
and large regenerative tumor-like nodules, in rats fed synthetic diets 
containing pyridine, has been described in previous reports (Baxter, 
"46; ’48a). Obstruction to the flow of blood through the sinusoids ac- 
companied, or possibly preceded and initiated, the development of 
necrosis, and death in some cases appeared to be the result of shock, 
due in part to trapping of blood in the liver (Baxter, ’48b). Renal 
damage of severe degree frequently developed along with, or more 
likely following, the liver injury (Baxter, ’48a, ’49). Further investi- 
gations of the pathogenesis and relationship of the hepatic and renal 
lesions, with particular attention to the early changes, are now in 
progress. 

It seemed in the beginning that the damage produced by pyridine 
might be due to a drainage of methyl groups from choline and methi- 
onine, which are important sources of labile methyl groups for bio- 
logical methylations (du Vigneaud, ’41), and it was observed that the 
injury was prevented to a considerable extent by supplements of 
methionine (Baxter, ’47b). However, further studies made it appear 
very unlikely that pyridine injury was principally a result of methyl 
deficiency, or that the protection afforded by methionine was due to 
the lipotropic action which this amino acid has by virtue of its methyl 
groups (Baxter and Mason, ’47). Actually, as will be discussed in 
more detail later, the morphological characteristics of the lesions at- 


! The experimental work was done in part in the Department of Biochemistry, 
Cornell University Medical College, and in the Hospital of the Rockefeller Insti- 
tute for Medical Research, New York City. 

? Welch Fellow in Internal Medicine of the National Research Council. 
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tributable to pyridine were not, for the most part, suggestive of choline 
or labile methyl] deficiency. The observations on the effects of pyridine 
itself, and of the dietary supplements when added to pyridine-contain- 
ing diets, have recently been confirmed by Coulson and Brazda (’48). 

Continued growth, during the time of development of liver and 
kidney damage, of the animals on the pyridine-containing diets with 
the higher protein levels, was considered evidence against the produc- 
tion of a deficiency or a “conditioned” deficiency of the sulfur-con- 
taining amino acids, of sufficient severity to account for the injury 
produced (Baxter, ’47b). The role of substances containing sulfhydryl] 
groups in protection against toxic substances which inactivate certain 
enzyme systems, and the possibility that the protective effect of 
methionine was through this mechanism, were considered (Baxter and 
Mason, ’47). 

During the course of the experiments utilizing pyridine-containing 
diets, it was observed that liver and kidney injury and animal mor- 
tality were much greater when pyridine was fed in the diet than when 
it was administered separately in daily or twice daily injections (Bax- 
ter, 48a). Death of some animals within 2 to 3 days after starting the 
pyridine-containing diets argued against the possibility that pyridine 
injury was due alone to the destruction of essential dietary factors. 

With the object of learning more of the nature of the injury pro- 
duced by pyridine, and of the relationship of methionine, cystine, and 
choline in protection against the injury, it was decided to make a de- 
tailed study of the effects on the injury produced, of adding supple- 
ments of these factors to pyridine-containing diets. Certain char- 
acteristics of the pyridine injury suggested that an appropriate 
situation for evaluating the possible modifying effects of various sub- 
stances and procedures on the hepatic necrosis might be provided by 
the use of this agent, and it was hoped on the basis of the hypothesis 
that similar types of liver injury produced by a variety of means may 
result from disturbances of common labile mechanisms, that the in- 
formation obtained might be applicable not only to pyridine injury, 
but also to comparable injury occurring under a wider range of cir- 
cumstances. 

The metabolic relationships of methionine, cystine, and choline are 
complicated and not completely understood. Methionine is an essen- 
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tial amino acid which ordinarily must be provided in the diet. Neither 
the methyl group nor the remaining part of the molecule can be syn- 
thesized in the body (du Vigneaud, ’42). Cystine (Tarver and Schmidt, 
’39) and choline (du Vigneaud, Chandler, Cohn, and Brown, ’40), on 
the other hand, may be formed in the body by the utilization of the 
sulfur and the methyl group of methionine, respectively, and addi- 
tions of these substances may therefore spare dietary methionine 
under certain conditions. 

In spite of the ability of the body to utilize the methyl groups of 
methionine in the synthesis of choline, a severe choline deficiency, as 
evidenced by the occurrence of liver and kidney lesions which are 
preventable by choline, may exist with fairly high levels of methionine 
in the diet, and raising the dietary methionine level under certain 
circumstances may actually exaggerate, rather than lessen, the degree 
of choline deficiency. This fact was illustrated by the effects on the 
incidence of the hemorrhagic-kidney syndrome of choline deficiency, 
of progressively increasing the casein (with its sulfur-containing amino 
acids predominently in the form of methionine) level of the diet 
(Griffith, ’41; Mulford and Griffith, 42). A number of observations 
have strongly suggested, as might be expected, that the amount of 
methionine available for choline synthesis in the body bears a recipro- 
cal relationship to the amount of methionine utilized in tissue forma- 
tion and growth, which in turn is influenced by the dietary content of 
other essential amino acids (Treadwell, Groothuis and Eckstein, ’42; 
Beveridge, Lucas and O’Grady, ’44; Treadwell, Tidwell and Gast, 
"44; Engel, ’47). Some evidence from growth experiments suggests 
further that the methyl group is not available from that part of the 
dietary methionine which is converted to cystine and utilized in the 
body in that form (Mulford and Griffith, ’42). 

In addition to the relationships which depend on the ability of the 
body to utilize methionine in the formation of cystine and choline, 
it has frequently been observed that the choline requirement is, to a 
considerable extent, determined by the cystine content of the diet 
(Griffith and Wade, ’40; Beeston and Channon, ’36; Griffith, ’40), or 
perhaps by the dietary cystine plus that portion of the dietary methi- 
onine which is converted to cystine. Mulford and Griffith (’42), how- 
ever, have attributed this increase in choline requirement produced 
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by cystine to a general stimulation of metabolism by cystine, not 
proportional to the amount of cystine added, rather than to a direct 
antagonism between cystine and choline, and it is well established that 
the injury produced by high levels of cystine is not completely coun- 
teracted by choline (Earle and Victor, ’42). 

The minimum optimal dietary concentrations of methionine, cystine, 
and choline, even under normal conditions, can be determined only 
in a relative and restricted sense, and the theoretical difficulties of 
evaluating possible protective effects of the factors are apparent. If 
the diet contains sub-optimal amounts of one of the factors, then sup- 
plements of that factor might produce a protective effect due simply 
to a correction of the deficiency, whereas if excessive amounts are 
present from the beginning, a protective effect of the supplement might 
be masked by the amounts already present. It was in an effort to make 
apparent any such fallacies as these that four different basic diets were 
used in the present experiments. Furthermore, in order to rule out 
the possibility that effects of the supplements which were observed 
were due to modification by the supplements of the level of food and 
pyridine intake, it was necessary to measure accurately the food con- 
sumption of the animals of the various groups, and to control the food 
consumption in some of the experiments. 


METHODS AND MATERIALS 
Animals 


Young male rats of various ages and strains were used in the experi- 
ments, which in most cases were continued for a month or longer. 
Further data concerning the animals used in each experiment are given 
in table 2. Prior to starting the experiments the animals were fed a 
stock diet*. Rats from common pools were distributed equally among 
the control and experimental groups. The animals of the various 
groups in each experiment were comparable in age, size, strain, and 
in previous treatment. The animals were not extensively studied in 
regard to intercurrent diseases. Diarrhea, vertigo, respiratory distress, 
and enlargement and darkening of the spleen, pulmonary suppuration, 
and small foci of necrosis in the liver were occasionally observed in- 


* The rats employed in the experiments summarized in charts 1 and 2 were fed 
Rockland rat diet, while those of other experiments received Purina fox chow. 
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dividually or in combinations in control animals. Death or serious 
illness in control animals was rare but was occasionally noted. No 
extensive liver or kidney lesions, and no lesions having the character- 











TABLE I 
Composition of Experimental Diets 
| | 
no. 1 No, 2 no. 3 No. 4 
% | % % | % 

ne a ee ee eee eS Pe 10 18 25 | 20 
SRS Pci ace ag otek Ni ea dete | 20 20 — i — 
Hydrogenated vegetable oil.................... _— 19 | 1% 
ER ARES 2 eine OnE Ries Nek OE ere ere oy — — 1 1 
NNT CEE SE eee eT css ae 30 22 50.8 55.5 
IE 28. a ine ast a a Sees ire need 29 29 — — 
Salt mixture‘... ee PL oP + + + + 
ike RE ese as Niger erates 5 5 — _ 
MINE Sidesek Ueerety os sates spied abelian 2 2 —_ —_ 
EE SE Pe ; o— — _ 0.2 
Choline chloride supplement................... — a 0.2 0.3 
PEPE TIE EET ET = —_ + 














Vitamin supplements per kilogram of Diets 3 and 4 


Thiamine chloride.............. i. 2 re 0.1 mg. 
EE sila a danunae aa nanae 20 | 0.2 
Cv ockvcacpeansen need 30 2-Methyl-1 , 4-naphtho- 

Ce OEAIEE: 6 o2 65 00.0050: 50 ee 1.5 
a eee 200 dl-a-Tocopherol ace- 

ed ac thes Ws ih a rer 15.0 
ES POPE TT ee 500 Vitamin A conc...... 60,000 U.S.P. units 
Para-amino-benzoic acid....... 10.0 Vitamin D conc...... 6,000 U.S.P. units 


* The casein used in diets 1 and 2 had not been extracted. Vitamin test casein (General 
Biochemicals, Inc.) was used in diets 3 and 4. 

> “Covo”’. 

© “Crisco”. 

4 “Mazola”’. 

© “Argo” corn starch. 

‘Osborne and Mendel #2. 


istics of those attributed to pyridine, were ever observed in control 
animals. Results with different strains of rats were apparently quite 
uniform. The effects of pyridine in other animal species have not been 
investigated. 


Experimental Diets 


The composition of the four basic diets, some of which have been 
described previously (Baxter, ’48a), are shown in table 1. Diets 1 and 
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2 contained only 250-300 mgm of choline chloride per kilogram of 
diet, and the casein levels were not sufficient to supply optimum 
amounts of the sulfur-containing amino acids. Diet 3 contained ap- 
parently optimum amounts of choline, and the casein level was suffi- 
ciently high that the gain in weight per gram of food on the diet was 
not increased by adding methionine. Diet 4 also contained at least 
optimum amounts of choline and the sulfur-containing amino acids, 
and was employed because of the objections to diet 3 which were 
previously discussed (Baxter, ’47b). 

The concentrations of pyridine citrate‘ and of the dietary supple- 
ments, which alone and in combinations were added to the basic diets, 
are indicated in table 2. 


General plan of experiments 


In experiments employing each of the four basic diets individually, 
comparable groups of rats were transferred from the stock diet to 
each of the following regimens ad libitum: 1) basic diet alone; 2) basic 
diet plus methionine; 3) basic diet plus pyridine citrate; and 4) basic 
diet plus pyridine citrate plus the various dietary supplements, singly 
and in combinations. 

The experimental diets prepared from each basic diet were fed simul- 
taneously and under the same conditions, and the effects on health, 
growth, and survival of the animals were noted. The rats were housed 
in individual cages with large-mesh screen bottoms, and weighed at 
intervals of 1 to 3 days. The daily food consumption was followed in 
animals of many of the groups. Autopsies were performed on the ani- 
mals which died, and sections of livers and kidneys were examined 
microscopically in a great many cases. The probability that some 
of the experiments were terminated too early to show the maximum 
difference in survival among the different groups, is evident from 
inspection of the charts. The experiments were terminated because of 
the interest in the morphological changes which occurred in the liver 


‘ Purchased from A. D. Mackay Co., New York City. The manufacturing chem- 
ist reported that this substance was prepared from equi-molar quantities of pyri- 
dine and citric acid, which were allowed to react in warm alcoholic solution. The 
product was allowed to crystalize and was washed with absolute alcohol. A 
Kjeldahl determination done on the compound as it was used in the diets, without 
drying, showed 4.6% N, compared with a theoretical value of 5.17% N for the 
monopyridine salt. 
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and kidneys on the various modifications of the diets; observations on 
the frequency and degree of liver damage in the surviving animals, as 
well as the observations on the length and rate of survival in the vari- 
ous groups, were taken into consideration in formulating the conclu- 
sions. 


TABLE 2 
Experimental Conditions Employed with Various Basic Diets 





ANIMALS | concENTRA- CONCENTRATION OF SUPPLEMENTS 
TION OF 








‘ccmnage Methio-) Cystj 
pee i 'ystine 
Initial weight (P) one (Cy) 





Gm. % % % 
Diet 1 Majority | Piebald ani- 0.34 | 0.5 0.4 
(Chart 1)* 50-80 mals of 
mixed strain 
Diet 2 50-80 | Sprague-Daw- 0.7 : 0.8-1.6 
(Chart 2) ley 
Diet 3 Sherman 1.0 . 0.8 
(Chart 3)> 


Diet 4 Sherman 1.0 
(Chart 4)° 

Diet 4 Sherman (dif- 1.0 
(Chart 5) ferent (Inj.)4 

source) 


























* Growth curves of similar animals on diet 1, with and without pyridine, have been 
published previously (Baxter, ’47a). 

+ Data on food consumption of control animals and animals given supplements of 
methionine are shown in table 4. 

® See table 3 for data on food consumption and growth of some of the animals of this 
experiment. 

4 Pyridine by injection as described in text. 

® Results with thiouracil are included in the charts; see footnote 3 for discussion of 
preliminary results with substances other than methionine, cystine, and choline. 


The influence of methionine supplements on the injury produced 
by diets containing pyridine citrate was further studied in experiments 
utilizing paired-feeding techniques. In the first and second of these 
experiments, employing diets 3 and 4 respectively, animals of the 
groups with and without methionine supplements were paired, and 
the animals not receiving the added methionine were allowed to eat 
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ad libitum. The twins receiving the methionine supplements were then 
offered equivalent amounts of food on the following day. Since some 
of the animals of the latter groups failed at times to eat all of the food 
offered, the pairing was not entirely satisfactory. In the third experi- 
ment, the food of all animals was arbitrarily limited to 3.2 grams, 
placed in the cages at the same time each day. A similar technique 
was successfully employed in previous experiments with pyridine- 
containing diets (Baxter, ’48a). 

The influence of different levels of consumption of pyridine-contain- 
ing diets on survival of the animals was noted in the experiments with 
ad libitum feeding and was specifically studied in one experiment with 
controlled food intake. 

Advantage was taken of the opportunity afforded by the paired- 
feeding experiments to compare again the toxicity of pyridine fed in 
the diet, with that of equivalent amounts administered by daily in- 
jection. 


RESULTS WITH AD LIBITUM FEEDING 
Effects of basic diets alone 


Almost all of the animals receiving the basic diets alone, without 
added pyridine or dietary supplements, survived and remained well 
throughout the experimental periods. Some animals on diet 1, and 
less frequently on diet 2, developed fatty changes in the liver, but the 
changes were usually not extensive and usually did not result in fibro- 
sis during the experimental periods. Effects of certain of the diets have 
been described in more detail elsewhere (Baxter, ’47a; Baxter, ’48a). 
Food intake, growth rate, and gain in weight per gram of food were 
considerably less on diet 1, and somewhat less on diet 2, than on diets 
3 and 4. 


Effects of basic diets plus supplements of methionine 


Additions of supplements of pi-methionine (of the same sizes indi- 
cated in table 2) resulted in an increase in food consumption, growth 
rate, and gain in weight per gram of food with diet 1, and to a much 
lesser extent with diet 2. With diets 3 and 4, the average food consump- 
tion and growth rate remained the same as without the supplement, or 
increased slightly, while the gain in weight per gram of food remained 
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approximately constant (table 3). A few of the animals receiving 
methionine supplements, particularly with diet 4, developed diarrhea 


TABLE 3 


Effects of Supplements of vi-Methionine and Pyridine Citrate on ad libitum Food Con- 
sumption and Growth on Diets 3 and 4 
i 





| | | 
pres 4 | DET 4 — DIET 4 


PLus 1% PLUS 1% 

| ones pier 4 | 1% PYRIDINE 1% PYRIDINE 

PLUS | wrrn- PLUS | pypgr- | CITRATE | pypy- | CITRATE 

DIET3 | 1% piet4| 1% PLUS 1% PLUS 1% 
out | poe | ™ DINE 

CYSTINE METHIO-| crrgate| METHIO- (crrpare | METHIO- 


NINE NINE | | NINE NINE 





‘Series A| Series A |SeriesB4| Series B¢ 





Initial average | 43.3 a 44.9 | 45.0 | 45.7 45.1 | 50.0) 53.0 


body weight, | (44.7) (52.2) 
gms. 

Average gain in | 43.2 | 49.3 | 38.0 | 43.3 | 40.6 | 35.8 | 33.7 | 28.5 | 22.1 
weight during (38.3) (27.8) 
first 2 weeks 
on diets, gms. 

Average food | 82 93 81 88 84 81 81 69 62 
consumption (86) (72) 
during first 2 


wks. on diet, 


gms. 
Gain in weight | 0.53 | 0.53 | 0.47 | 0.49 | 0.49 | 0.44 0.42 0.41 0.36 
per gram of (0.45) (0.39) 
food, gms. 
No. of animals | 6 5 6 6 58 3 5> 7 11 
included in (3) (7)e 
calculations 
No. animals ex- | — 1 — — 1 | 3 1 6 2 





excluded be- 
cause of death 
during experi- 
mental period 





























* One of these animals ate and grew poorly. 

> One of these animals developed diarrhea. 

° The figures enclosed in parentheses above were calculated on the basis of the number 
oi animals indicated here, exhibiting the best growth. 

4 This series of animals ate poorly at the beginning of the experiment. 

The data in this table were obtained in part from the experiment summarized in chart 4. 


or died. Whether methionine was responsible to some extent for this 
morbidity and mortality, was not determined. 
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Effects of basic diets plus pyridine citrate 


The addition of pyridine citrate to the basic diets caused some de- 
crease in food consumption and growth rate on all of the diets. This 
effect was so great with diet 1 that the animals often ceased to grow 
or even lost weight (Baxter, ’47b), while with diets 3 and 4, average 
food intake, growth rate, and gain in weight per gram of food were 
much less substantially decreased, and sometimes they were almost 
as great as with the basic diets alone (i. e., the animals receiving 6.4 
grams of pyridine-containing diet, chart 5.) The effect of additions of 
pyridine on the efficiency of utilization of the food at any given level 
of food intake was not specifically studied, though on diets 3 and 4 
where animals with and without pyridine sometimes consumed com- 
parable amounts of food, it appeared that there was no great differ- 
ence in rate of growth in the two groups prior to development of illness 
in the animals receiving pyridine. 

After eating the diets containing pyridine citrate for several days 
or more, some of the animals began to drink larger amounts of water 
than normal and to excrete correspondingly large volumes of urine. 
A more ominous sign was a gain in weight out of proportion to the 
amount of food consumed, which was most readily detected in animals 
fed the same measured amount of food daily, and which was apparently 
due to the development of anuria or oliguria with abnormal retention 
of fluid. During this stage, the scanty urine often contained high con- 
centrations of protein; in most cases neither red blood cells nor hemo- 
globin was observed in the urine, though pigment casts were occasion- 
ally seen in the renal tubules. At the same time, the animals often 
appeared pale, with little blood in the vessels of the ears, tail and skin, 
and sometimes felt quite cold to the touch. Blood was sometimes 
passed by rectum, perhaps as a result of portal congestion. Excessive 
tearing and passage of fluid from the nose not infrequently occurred, 
and the perineal region was often wet with urine. Such animals often 
died within 24 hours, but some of them in milder degrees of shock 
rallied and lived for longer periods. It appeared that renal injury of 
considerable degree usually occurred only following hepatic injury, 
and that it was caused in part by shock which often accompanied the 
hepatic injury (Baxter, ’49). When hepatic injury was prevented, 
the renal injury did not occur. The renal injury differed from that oc- 
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curring in the hemorrhagic-kidney syndrome of choline deficiency 
(Baxter, ’47a). It occurred in adult as well as young rats, and was not 
influenced by choline. Lesions of the livers and kidneys similar to those 
already described (Baxter, ’48a; ’48b) were found in the animals which 
died, and in some of those which were sacrificed for autopsy (figures 
1 and 2). 
TABLE 4 
Effects of Adding Methionine to Diet No. 3 Containing Pyridine, on Daily ad libitum Food 
Consumption During First 10 Days, and on Length of Survival of Animals 



























































INITIAL FOOD CONSUMED DURING SUCCESSIVE PERIOD oF 
= 3 _ WEIGHT OF 24 HR. PERIODS SURVIVAL 
ANIMALS OF ANIMALS 
1/;2);3)4|5/6/7/8/)/9 10 Average 
sm. BSEESgcigigigieé em. days 
1% pyridine | 1 112 8} 6| 7) 8 8 8 8} 8 7) 8 7.6 15 
citrate 2 133 8} 7| 7| 7| 8} 9) 9} 9)11)10 8.5 13 
3 116 8} 7| 9)10) 9/10) 9) * 8.9 7 
4 235 10) 3) 8)12)14)12/12)14/13) *| 10.9 9 
5 101 7| 7| 9 7|10)12}12/12)14)11) 10.1 13 
6 81 4) 7| 6) 5} 8 8\5* 6.0 6 
(av. 130) (av. 8.7) (av. 11) 
1% pyridine| 7+ 91 sO Os 6993 * 4.8 9 
citrate,1% | 8 143 8} 9} 9)10)11/11/12)14)14/14) 11.3 14 
Di-methio- 9 139 8)11) 9)/12)13)11| 8|15}12) 7) 10.6 120+ 
nine 10 245 12} 6) 7|13)12/12}12/17|16|13| 12.0 25 
11 98 2\10| 9| 6 9| 9| 9|10| 2| 7 7.3 34 
12 81 8} 6)15) 4) 6) 6) 8} 8) 7| 8) 7.5 120+ 
(av. 133) (av. 8.9) (av. 54+) 
* Animal died. 


t A refusal to eat the experimental diet, such as this animal exhibited, was infrequently 
observed. 

The data in this table were obtained from the experiment summarized in chart 3. 

The animals of this experiment were less uniform in size than those of other experi- 
ments. 


As in the previous studies, the chronic hepatic lesions produced by 
pyridine in diet 1, and to a lesser extent by pyridine in diet 2, some- 
times exhibited advanced stages of fatty infiltration with an early 
development of extensive diffuse fibrosis. The lesions which developed 
with diets 3 and 4 containing pyridine usually showed little visible 
fat and consisted essentially of central necrosis together with vascular 
congestion and hemorrhages, followed by diffuse post-necrotic scarring 
and finely nodular regeneration. 
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As previously noted, some of the animals on the pyridine-containing 
diets were observed to survive for weeks or even months with little 
evidence of illness, only to develop then a sudden and extensive liver 
necrosis with no apparent additional precipitating cause. The livers 
of these animals exhibited certain changes prior to the development 
of the widespread necrosis which will be described elsewhere. 

In many experiments employing ad libitum feeding, it appeared that 
animals with the smallest intake of the pyridine-containing diets were 
the ones which were most likely to develop early fatal liver and kidney 
damage. On the other hand, some animals were observed to die follow- 
ing a relatively large food intake continuing up to the time of death, 
and others survived for long periods in spite of continuously or inter- 
mittently low levels of food consumption. 


Modification of the effects of the basic diets containing pyridine citrate 
by supplements of various dietary factors 


The results obtained with ad libitum feeding of the four basic diets 
containing pyridine citrate plus various dietary supplements, are sum- 
marized in charts 1, 2, 3, and 4.5 In general the frequency and degree 


5 As a means of testing certain ideas concerning possible mechanisms of the 
injury produced by pyridine, the following supplements in addition to methionine, 
cystine, and choline, have been tried in preliminary experiments, with ad libitum 
feeding in diet 3, for protective effect against pyridine: sodium thioglycollate, 
British anti-Lewisite (BAL), BAL plus choline, methyl pyridinium chloride, nico- 
tinic acid, yeast nucleic acid, succinylsulfathiazole, pyribenzamine, rutin, thioura- 
cil, thiouracil plus desiccated thyroid, desoxycorticosterone (by daily injection), 
stilbestrol, continuous inhalation of 100% oxygen, and inhalation of 10% oxygen 
in nitrogen. The results with thiouracil are shown in charts 1, 2, and 3. Pyridine 
injury of lethal degree apparently was prevented to a considerable extent by this 
substance—a point of resemblance of the pyridine injury to the liver injury pro- 
duced by low protein diets deficient in choline (Gyérgy and Goldblatt, ’45). The 
animals receiving thiouracil developed greatly enlarged thyroid glands; the pro- 
tection was at least partially abolished by simultaneous administration of desic- 
cated thyroid. The supplements of thiouracil caused a moderate decrease in daily 
consumption of the pyridine-containing diets. The animals not infrequently ap- 
peared ill, and some surviving animals were found to have scarred livers at autopsy. 
BAL plus choline, breathing 100 per cent oxygen during the experimental period, 
and particularly large amounts of stilbestrol which greatly reduced the daily in- 
take of the diet, appeared in single experiments with groups containing 6 to 8 








150 JAMES H. BAXTER 


of injury observed in surviving animals at autopsy appeared greatest 
in the groups with the greatest mortality during the experimental 
periods. However, it was not determined with certainty whether the 
supplements which afforded protection exerted their effects against 
the development of all stages of the injury, or only against the late 
changes which resulted in death. The effects of the individual supple- 
ments on growth and on certain morphological aspects of the lesions 
varied somewhat with the different basic diets (Baxter, ’47b), but as 
judged on the basis of survival of the animals, the effect of each supple- 
ment was strikingly similar with all four of the basic diets: 
Methionine. When supplements of pi-methionine were added to 
the pyridine-containing diets, the survival rate of the animals was 
significantly increased throughout the experimental periods, appar- 
ently due to prevention or reduction of liver and kidney injury. 
With the various basic diets containing pyridine, the effects of 
supplements of methionine on food consumption, growth rate, and 
gain in weight per gram of food were approximately the same as has 
already been described above in the cases of addition of methionine to 
the basic diets without pyridine. Food intake and growth rate were 
considerably increased on the diets of lower protein levels (see growth 
curves, Baxter, ’47b), but with diets 3 and 4, there was usually no 
significant change in average food consumption, growth rate, or gain 
in weight per gram of food (tables 3 and 4), and individual animals 
of the groups with and without methionine could usually be paired 
fairly satisfactorily on the basis of approximately equal food consump- 
tion. In some experiments employing these latter diets, the average 
food intake of surviving animals was less in those groups receiving 
methionine than in comparable groups without the supplement. On 
closer analysis, however, it was usually apparent in those cases that 
most of the animals which died were those with the smaller intake 
of food, and the greater survival of animals in the groups receiving 
methionine, including those with low levels of food consumption, was 
responsible for the lower average food intake in these groups (table 3). 





animals each, to decrease the liver damage and mortality. These supplements, 
together with tocopherol, probably deserve further study. The remaining sub- 
stances had no apparent effect on the results, with the possible exception of breath- 
ing 10 per cent oxygen, and daily desoxycortocosterone injections, which seemed 
to increase damage. 
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Cystine. Supplements of t-cystine, in amounts equivalent on the 
basis of sulfur content to the pi-methionine used, were employed 
with the first three diets. In general, the animals receiving this sup- 


plement grew at about the same rate as those receiving methionine. 
Cystine caused some increase in survival of the animals, but it was 
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not as effective as methionine. Twice the equivalent amounts of cystine 


in one experiment did not improve the results. Particularly on the 
first two diets, the livers of the animals receiving cystine appeared to 


be larger and more fatty than those of most of the animals receiving 
pyridine alone, but necrosis in addition to fatty changes was observed 


in the livers of the cystine-treated animals which died. 
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Choline. Choline chloride in amounts equivalent, on the basis of 
content of methyl groups, to from 1 to about 6 times the amount of 
methionine employed, were added to the pyridine-containing diets. 
On none of these choline-supplemented diets did the animals signifi- 
cantly outlive the controls. Food consumption was uninfluenced or 
slightly decreased by supplements of choline. In spite of the failure 
of choline to decrease mortality, choline apparently did produce some 
modification of the lesions which occurred with diets 1 and 2, includ- 
ing a reduction in the fatty changes, and it is possible that some de- 
crease in mortality attributable to choline might have been observed 
in experiments of longer duration, provided that a sufficient number 
of the pyridine-treated animals had survived the early periods. 

Cystine plus choline. In the experiments with diets 1 and 2, the groups 
receiving the combination of cystine and choline appeared healthier 
than those of any other groups, and survival of the animals in the 
groups receiving the combination was considerably greater than that 
with cystine or choline alone, and at least as great as with methionine’. 
Not only was fatty infiltration of the liver less with cystine plus choline 
than with cystine alone, but necrosis also was less when choline was 
added simultaneously. Even on diet 3, it appeared that the protective 
effect of cystine plus choline, like that of methionine, was probably 
greater than that of cystine alone. 


RESULTS WITH PAIRED FEEDING 


Although it appeared from the results of the experiments with ad 
libitum feeding that the protective effect of methionine supplements 
was not due to a modification of the level of food and pyridine con- 
sumption by this supplement, never-the-less the effects of additions 
of methionine were further investigated in paired-feeding experiments 
conducted as already described. The results of the latest and most 
satisfactory of these experiments are shown in chart 5. The animals 
of the groups allowed 3.2 grams of food daily invariably ate all of the 
diet offered, and consequently the daily food intake of all of the ani- 
mals of these groups was equal. 


* It should be noted that while the cystine of this combination was equivalent, 
on the basis of sulfur content, to the methionine used in each experiment, the 
choline of the combination was considerably greater than the methionine in its 
content of methyl groups. 
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Effects of limitation of intake of pyridine-containing diets 


In one small group of animals fed 6.4 grams daily of diet 4 containing 
pyridine (chart 5), it appeared that the average length of survival was 
appreciably greater than in a similar group of animals allowed only 3.2 
grams of the diet per day. This observation suggested that the bene- 
ficial effects of the greater food intake more than outweighed any 
deleterious effects of the increased simultaneous intake of pyridine. 
The animals consuming 3.2 grams of food per day grew much less 
rapidly than those receiving 6.4 grams, but they continued to gain 
weight slowly and appeared to be adequately nourished throughout 
the experimental period. The animals receiving 6.4 grams of food grew 
rapidly; they usually ate all of the allotted food but occasionally left 
small amounts unconsumed. The level of food intake was greater than 
observed in certain groups of animals of similar size with ad libitum 
feeding. 

It has already been pointed out that the animals with the lowest 
levels of daily food intake in the ad libitum feeding experiments were 
often the first to become ill and die. Whether the low level of food con- 
sumption was a cause or a result of injury could not always be deter- 
mined. On the other hand, certain substances which moderately 
(thiouracil) or considerably (stilbestrol) decreased daily consumption 
of the pyridine-containing diets, appeared in preliminary experiments 
to afford protection against the diets. Perhaps these substances afforded 
protection in spite of, rather than because of, the decreased food con- 
sumption, but further studies are necessary. 


Effects of methionine supplements 


In all of the paired-feeding experiments, as in the experiments with 
ad libitum feeding, survival was greater throughout the experimental 
periods in groups receiving supplements of methionine than in the 
corresponding groups not receiving these supplements. This protective 
effect of methionine is well illustrated by the results shown in chart 
5. The growth rate of animals receiving 3.2 grams of the pyridine- 
containing diet with and without methionine, was approximately 
equal. All of the surviving animals of the group receiving supplements 
of methionine appeared in moderately good condition at the end of 
the three-weeks experimental period. 
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Effects of omitting pyridine from the diet 
At the end of three weeks, six of the eleven surviving animals of 
the group receiving the pyridine-containing diet with added methio- 


100 





(12) —3.2 gm. food 


P (6) Inj. 
3.2 gm. food 


ANIMALS SURVIVING (Percent) 


5 10 15 20 
TIME IN DAYS 
Cuart 5. Results with controlled feeding of diet 4, comparing effects of two dif- 
ferent levels of daily intake of the pyridine-containing diet, the effects of pyridine 
in the diet and pyridine by injection, and the effects of the pyridine containing 
diet with and without added methionine. See table 2 and legend of chart 1 for 
explanation of symbols. 


nine (chart 5) were changed to 3.2 grams daily of diet 4 from which 
the pyridine citrate had been omitted. The remaining five animals were 
continued on the pyridine-containing diet. Within 24 hours, two of 
the six animals changed to the diet without pyridine were dead, while 
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all of the animals continued on pyridine survived and appeared well. 
Pyridine was later omitted from the diet of the five animals continued 
on pyridine, and one of them died within the following 24 hours. This 
observation would have been considered a coincidence of no significance 
except for the fact that by way of terminating experiments on two 
occasions in the past, the animals surviving after several weeks on 
pyridine-containing diets were placed together in cages with stock 
diet of which they ate hardily, and a considerable proportion of them 
were found dead the next morning. 


Effects of injected pyridine 

The small group of animals receiving pyridine by injection (chart 
5) were given daily 0.65 cc of a 2 per cent solution of pyridine base 
(approximately 30 per cent more pyridine than was eaten in the diet 
by the animals receiving an equal amount of diet containing pyridine 
citrate) subcutaneously for one week, 0.65 cc intraperitoneally during 
the second week, and 1.2 cc intraperitoneally during the third week. 
The injections always were given 30 minutes after the animals received 
the daily diet allotment. Particularly during the latter part of the 
experimental period, those animals receiving pyridine by injection 
appeared ill and did not eat all of the limited amount of food offered 
them. However, survival of the animals was much greater in this group 
than in the group receiving pyridine citrate in the diet. There was little 
or no evidence of liver or kidney injury in the animals receiving in- 
jections, and it was doubtful that such injury caused the death of the 
single animal which did not survive. 


DISCUSSION 


When the sulfur-containing amino acids were employed in the early 
experiments with diet 1, definite protective effects were observed. 
However, it seemed important to define further the circumstances 
under which these supplements might be expected to afford protection 
against pyridine, and to determine if possible the mechanism of the 
effect. As with diet 3 in the previous study (Baxter, ’47b), results with 
diet 4 indicated that the protective effects of methionine and cystine 
were not due entirely to increasing the nutritional value of the diet 
(as measured by gain in weight per gram of food in rats under normal 
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conditions) by raising the levels of essential factors previously present 
in the diet in suboptimal amounts. With the earlier diets, on which 
supplements of methionine or cystine caused an increase in food and 
pyridine consumption, it is possible that part of the protective action 
of the supplements was due to a beneficial effect derived from the 
increased food intake which more than balanced the harmful effect 
of the simultaneously increased consumption of pyridine. With diets 
3 and 4, however, it did not appear that the protective effect of the 
supplements could be explained on the basis of any modification of 
the food or pyridine consumption, and this impression was confirmed 
by the results of the paired-feeding experiments. 

Choline (Best and Huntsman, ’35) and methionine (Tucker and 
Eckstein, ’37) have been shown to have a lipotropic effect on fatty 
livers produced by dietary means, and to prevent cirrhosis produced 
in a similar manner (Blumberg and McCollum, ’41; Daft, Sebrell and 
Lillie, ‘41; Gyérgy and Goldblatt, ’42). Most studies indicate that it 
is the choline molecule (Welch, ’36; Moyer and du Vigneaud, ’42), 
probably through its role in the transport of fat from the liver to fat 
depots (Stetten and Salcedo, ’44), that is lipotropic, and that methi- 
onine is active in this respect only through its ability to donate methyl 
groups for the formation of choline in the body (du Vigneaud, Chandler, 
Moyer and Keppel, ’39; du Vigneaud, Cohn, Chandler, Schenck and 
Simmonds, ’41). Cystine, on the other hand, has generally been recog- 
nized to have an antilipotropic effect (Curtis and Newburgh, ’27; 
Beeston and Channon, ’36; Tucker and Eckstein, ’37; Gyérgy and 
Goldblatt, ’42; Earle and Victor, ’42), probably by increasing the 
synthesis of liver fat (Stetten and Salcedo, ’44). 

Not only fatty infiltration and subsequent fibrosis, but also liver 
necrosis and hemorrhages, have been observed to follow the admini- 
stration of diets deficient in both choline and the sulfur-containing 
amino acids, and several investigators have obtained results which 
strongly suggested that these lesions were not all a part of the same 
pathological process, nor all the result of the same single (choline) 
deficiency (Gyérgy and Goldblatt, ’42; Earle and Victor, ’42; Daft, 
Sebrell and Lillie, 42). This subject has recently been extensively 
investigated by Himsworth and associates (Glynn and Himsworth, 
"44; Himsworth and Glynn, ’45a; ’45b), who have extended these 
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earlier observations with the conclusion that dietary fatty infiltration 
and cirrhosis (diffuse portal fibrosis) are due to deficiencies of lipotropic 
substances (choline and precursors), while dietary hepatic necrosis 
and sequelae are due to deficiencies of sulfur-containing amino acids. 
By using amino acid mixtures containing various levels of methionine 
and cystine, in place of dietary protein, it was observed that while 
methionine was necessary for growth and maintenance of normal 
plasma protein and erythrocyte levels, hepatic necrosis was prevented 
by cystine in the absence of methionine (Glynn, Himsworth and Neu- 
berger, ’45). Methionine, and cystine plus choline (Gyérgy and Gold- 
blatt, 42; Daft, Sebrell and Lillie, 42; Green and Brunschwig, ’46), 
as might be expected, have been found effective against both fatty 
changes with subsequent fibrosis, and also necrosis, produced by dietary 
means. 

The fact that fatty infiltration which was often observed in the pres- 
ent studies when pyridine was added to diet 1, and to a lesser extent 
with diet 2, was largely eliminated by the use of diets 3 and 4, which 
contained optimal levels of choline and sulfur-containing amino acids, 
suggested that the fatty changes were chiefly due to dietary deficiencies, 
which were made more evident by the addition of pyridine but not 
actually caused by pyridine itself, though this conclusion could not 
be arrived at with certainty’. It seemed likely, as previously pointed 
out (Baxter, ’48a), that necrosis was the important parenchymal 
lesion attributable to pyridine per se, and that the cirrhotic lesions 
which developed in the later periods on diets 3 and 4, despite the finely 
nodular appearance and the uniform distribution of the fibrotic areas, 


7 The results of unpublished studies done in collaboration with Dr. C. T. Ash- 
worth, showed that the fatty changes produced by diet 1 containing pyridine were 
decreased but not prevented by choline alone. They were more completely pre- 
vented (as was the necrosis which occurred at the same time) by the addition of 
choline plus cystine, or methionine, while they were often intensified by cystine 
alone. Interpretation of these observations was complicated by the fact that food 
intake on diet 1, after the addition of pyridine, was small, and was substantially 
increased by the addition of sulfur-containing amino acids or casein, but not by 
choline alone (Baxter, ’47b). The observations seemed to indicate that the fatty 
infiltration was not due entirely to a deficiency of choline, but that it was perhaps 
due in part to the decrease in food intake which often accompanied the addition of 
pyridine to the diet. Best (’34) observed that under certain conditions the fatty 
infiltration of starvation was not prevented by choline. 
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were a result of necrosis with persistence of unresolved necrotic areas, 
and thus were different in pathogenesis from the cirrhosis with peri- 
portal fibrosis usually occurring in fatty livers. Fatty changes some- 
times did occur, however, particularly in the early lesions, even with 
diets 3 and 4. Concerning the question of the distinctiveness of the 
fundamental disturbances which result in fatty infiltration, on the 
one hand, and necrosis, on the other, the results allowed no definite 
conclusions. It is perhaps significant that the sulfur-containing amino 
acids, but not choline, afforded definite protection against hepatic 
necrosis, both as it occurred in the present and other (Miller, Ross and 
Whipple, ’40) experiments with toxic agents, and also in the studies 
discussed above employing deficient diets, though the degree of pro- 
tection of course differed greatly under the two sets of circumstances. 
The possible effects of varying the amounts of tocopherol in the diets 
(Gyérgy and Goldblatt, ’49) have not been studied specifically, though 
diets 3 and 4 contained ordinarily adequate amounts of this factor, 
while none was added to the earlier diets. 

The enhancement by choline of the protective effect of cystine, in 
spite of the ineffectiveness of choline alone, such as was observed in 
the present study, has been noted by others under other circumstances 
(Gyérgy and Goldblatt, ’42; Glynn, Himsworth and Neuberger, ’45; 
Green and Brunschwig, ’46), but the explanation of this phenomenon 
has not been entirely clear. Since methionine is a dietary essential 
which cannot be replaced by cystine (White and Beach, ’37), though 
it can be replaced by the unnatural amino acid, homocystine, when 
accompanied by an adequate supply of methyl donors (du Vigneaud, 
Chandler, Moyer and Keppel, ’39), there seems to be little evidence 
upon which to postulate that the effectiveness of the cystine-choline 
combination was due to the ability of the body to form methionine 
from this combination. Furthermore, the effectiveness of the combina- 
tion under the conditions of the present experiments did not appear 
to be due in whole to a sparing of dietary methionine, but rather to 
actions of the supplements per se. 

One possible explanation of the greater effectiveness of the cystine- 
choline combination or of methionine, than of cystine alone, is that 
two independent pathological processes—perhaps necrosis and fatty 
infiltration—resulted from the administration of pyridine, one of 





162 JAMES H. BAXTER 


which was counteracted by cystine and the other by choline, while 
methionine was effective against both as a result of its dual role in 
the body. An explanation more completely in keeping with the present 
observations appears to be as follows: Cystine or a related substance 
was the factor which afforded protection against the necrosis produced 
by pyridine. However, when the diet was already deficient, or adequate 
but limited, in choline, cystine produced in addition to its protective 
action, toxic effects of its own due to the induction of a relative choline 
deficiency, which limited the beneficial effect of cystine, particularly 
in the later periods. When choline was added at the same time as 
cystine, the toxic actions of cystine (in the amounts employed) were 
neutralized by the choline, and the protection against pyridine was at 
least as great as with methionine. 

That the effects of pyridine-containing diets were not determined 
alone by the pyridine dosage, but were influenced to a substantial 
degree by certain other dietary and metabolic factors, was indicated 
not only by the protective effect of the sulfur-containing amino acids 
against injury produced, but also by several additional observations. 
In the first place, the effects of pyridine which have been described, 
were regularly produced only when pyridine was fed in the diet; 
pyridine appeared to be less toxic when administered separately, ac- 
cording to the schedule employed. Furthermore some evidence seemed 
to indicate that limitation of the daily intake of the toxic pyridine- 
containing diets, at least within certain ranges, increased rather than 
decreased the injury and mortality resulting from the diets. The results 
with thiouracil supplied further evidence that the injury was influenced 
by general metabolic factors. Finally, observations on several occa- 
sions suggested that a significant rate of mortality might have been 
associated with the omission of pyridine from the diet of animals 
after they had survived for several weeks on pyridine-containing diets. 

The observation that the addition of 2 per cent succinylsulfathiazole 
did not influence the effects of the pyridine-containing diets (footnote 
5), constituted some evidence against the supposition that the greater 
toxicity of pyridine when incorporated in the diet might have been 
due to formation of a more toxic substance from pyridine by bacterial 
action, and the presence of the odor of pyridine in the tissues of pyri- 
dine-injected animals for more than 24 hours after the last injection 
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cast doubt on the possible explanation of this phenomenon which 
was previously suggested, that the greater toxicity of pyridine when 
ingested in the diet was due to its more nearly continuous presence 
in the body when administered by this method. 

The wide variation in the effects of pyridine-containing diets noted 
in various individual animals, and the observation that some animals 
on the pyridine-containing diets developed extensive hepatic necrosis 
without obvious explanation after ingesting the diets for long periods 
of time without significant illness, prompted consideration of the possi- 
bility that the effects of pyridine might be to a considerable degree 
conditioned or complemented by other environmental factors, such 
as, for example, intercurrent infectious diseases. Although such a 
possiblity could not be entirely eliminated, it does not affect the sig- 
nificance of the results. 

Sufficient data has not been obtained on the effects of different con- 
centrations of pyridine in a single diet, with intake of the diet main- 
tained constant, to draw definite conclusions regarding the degree of 
correlation which exists between pyridine dosage and toxic effects, 
when other variables are eliminated. 

The results of the experiments illustrated well that the physiologi- 
cal effects of administered substances may be influenced by composi- 
tion and quantity of the diet, and that the effects of single dietary 
factors may be influenced by the levels of certain other dietary factors. 
Comparison of racemic methionine with the natural cystine isomer was 
undesirable, but perhaps permissible (Jackson and Block, ’38). 

Since it would have been necessary in any event to measure and 
control food intake, no obvious disadvantages resulted from the neces- 
sity of administering the hepatoxic substance in the diet. The long- 
term experiments were facilitated by the ease of administration of the 
substance in the diet, and it was perhaps possible by the continuous 
administration of the injurious agent, to reproduce more closely con- 
ditions responsible for certain types of clinical liver injury than can be 
accomplished by the injection of hepatoxic substances at infrequent 
intervals. Finally, it should be pointed out that the increase in survival 
produced by supplements of the sulfur-containing amino acids prob- 
ably should be regarded as due chiefly to prevention of injury, or of 
certain complications of the injury, rather than to cure of injury. 
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SUMMARY 


Pyridine, when administered to rats in diets containing low levels 
of casein and choline, appeared to induce both necrosis and fatty 
changes in the liver, but with more nearly optimum diets, necrosis 
along with vascular engorgement and hemorrhages in the central areas, 
and their sequelae, were the prominent morphological alterations which 
resulted. Renal damage often occurred in animals with hepatic injury. 

The injury induced by ad libitum or controlled feeding of the pyridine- 
containing diets was prevented to a considerable extent by supple- 
ments of methionine, and survival of the animals was significantly 
increased. Cystine also produced some degree of protection, but with 
the basal diets employed, none of which contained greatly excessive 
quantities of choline, cystine was less effective than methionine. Choline 
alone, did not appreciably influence survival of the animals; however, 
it did enhance decidedly the protective effect of cystine. The protective 
effect of cystine plus choline appeared greater than the sum of the effects 
of the individual factors, and this combination was at least as effective 
as methionine. 

Observations on small groups of animals with ad libitum feeding, 
suggested that a considerable degree of protection was provided against 
fatal pyridine-induced injury by thiouracil, perhaps as a result of its 
general metabolic effects. 

The protection afforded by the sulfur-containing amino acids, at 
least in the diets already containing the higher levels of these factors, 
did not appear to be the result of an increase in the nutritional value of 
the diets as measured by gain in weight per gram of food under normal 
conditions, or of any influence on intake of food and pyridine. The 
mechanism of the protection afforded by methionine against the toxic 
effects of pyridine in the diet was not determined, nor is it possible to 
predict the extent of the circumstances under which a similar protective 
effect of methionine against liver and kidney injury might be expected 
to occur. 

The effects of the individual dietary factors are considered in rela- 
tion to their known nutritional and metabolic actions, and possible 
explanations of the greater effectiveness, under certain conditions, of 
the cystine-choline combination than of cystine alone are discussed. 

Pyridine was observed again to be more toxic when administered in 
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the diet than when given by daily parenteral injections. Limitation of 
intake of pyridine-containing diets perhaps increased rather than de- 
creased the toxic effects produced, and a possibly significant rate of 
mortality was observed when pyridine was omitted from the diet of 
rats which had survived for several weeks on pyridine-containing 
diets. 
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PLaTE 1 


Fic. 1. A section from the liver of a rat which became critically ill with pale, 
cold skin after 2 weeks on diet 3 containing pyridine, and was autopsied at that 
time. The liver was enlarged, dark, and engorged with blood. The section shows 
extensive necrosis in the central portions of the lobules, with many red blood cells in 
the necrotic areas. The walls of many of the sinusoids and central veins within the 
necrotic areas showed evidence of severe damage, with extravasations of blood. 
The hepatic cells about the vessels of the portal triads (sectioned obliquely) ap- 
peared normal. Hematoxylin and eosin stain. x 40. 

Fic. 2. Section from a kidney of a rat after 1 month on diet 1 containing pyridine. 
The animal did not appear definitely ill when autopsied, but recently had survived 
a severe episode of illness and was not eating well. The liver appeared finely nodular; 
sections showed thin bands of fibrous tissue and marked fatty infiltration of paren- 
chymal cells. The section of kidney here illustrated shows degenerative changes in 
the cells of the convoluted tubules, with many dilated tubules lined by flattened 
epithelium and containing some protein material. The dilated tubules extended 
well down into the medulla. Scattered foci of calcification, and of active cellular 
proliferation, were present. This type of injury was not prevented by choline. 
Hematoxylin and eosin stain. X 110, 
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Dr. Harvey: The first paper on the program tonight is “The Effect of Urethane 
on the susceptibility of Mice to Pneumonia Virus of Mice” by Mr. Charles Ira 
Leftwich, Jr. Discussion by Dr. George S. Mirick. 


The Effect of Urethane on the Susceptibility of Mice to Pneumonia Virus of Mice 
(PVM). Cuartes I. Lerrwicu, Jr. 

Pneumonia virus of mice (PVM), first described by Horsfall and Hahn in 
1940, is a small strictly pneumotropic virus infectious for mice and, after adap- 
tion, certain other rodents. When inoculated intranasally in sufficient amount, 
mice die with an interstitial pneumonitis. The virus will under certain conditions 
agglutinate mouse erythrocytes. 

Nettleship and Henshaw in 1943 reported that urethane had the capacity 
to stimulate the development of pulmonary tumors in susceptible strains of mice. 
It seemed of interest to study the effect of urethane on PVM. It was found that 
the administration of urethane orally or intraperitoneally, either before or im- 
mediately after PVM inoculation, resulted in a more extensive pneumonitis than 
in control mice. The extent of the pneumonitis was related to the urethane dosage, 
and amounts of urethane which produced the effect on PVM did not in themselves 
produce pneumonitis. Not only was the pneumonitis more extensive, but the 
amount of PVM in the lungs of mice receiving urethane was greater than in con- 
trols when titered either by hemagglutination or for infectivity. The capacity of 
mice to develop antibiodies when immunized with PVM was not impaired by 
urethane. The mechanism by which urethane, which is reported to block cell 
division, can result in increased virus multiplication has not been elucidated. 


Dr. G. S. Mirick: I have been very interested in the work which has been re- 
ported by Mr. Leftwich. 

The observations, that the susceptibility of a laboratory animal to a virus 
infection may be increased as the result of treatment with a drug, suggests this as 
a possible approach to the isolation of certain viruses. One wonders whether other 
viruses, particularly viruses affecting other systems of the host, would be similarly 





1 This meeting, the final meeting of the Johns Hopkins Medical Society held in 
association with the Alpha Omega Alpha Fraternity, emphasized the contribu- 
tions, which were made essentially by students of the School of Medicine. 
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affected by this drug. The demonstration that urethane, which stimulates the 
development of pulmonary tumors in mice also stimulates a virus which is normally 
latent in the lungs of certain strains of mice, raises the question of the possible 
relationship between the virus and this neoplasm. 


Dr. Harvey: The next paper on the program is “Use of Bal-Mapharsen Com- 
pound in Mouse Trypanosomiasis” by Messrs. Benjamin Burrows, John L. Saw- 
yers and Thomas H. Maren. Discussion by Dr. Morris Rosenthal. (The original 
data upon which this presentation was based was published in the Proceedings 
of the Society for Experimental Biology and Medicine, 70: 194-197, 1949.) 


Dr. Rosenfeld: We were disappointed that the condensation of BAL with 
Oxophenarsine resulted in a product with about one-third the therapeutic index 
of the parent arsenical. The therapeutic index, however, is a quantity that is 
sensitive to the procedure used in testing therapeutic and toxic action and a lesser 
discrepancy might appear under different conditions of measurement. 

An approach similar to that of these workers has lead to the development of a 
new diuretic agent which seems to give promise of clinical usefulness. This drug, 
thiomerin, is a mercaptide of sodium mercapto-acetate and the organic mercurial 
present in mercurophylline. In this case, acute cardiac toxicity was very much 
reduced although the more chronic toxicity, as measured by the 4 day lethal dose, 
was not appreciably changed by formation of the complex. A particularly favorable 
attribute of the mercuriol mercaptide is the diminished local irritation and tissue 
injury. I wonder whether the BAL-arsenical condensation product would be suf- 
ficiently devoid of local necrotizing action to permit intramuscular use? 


Dr. Harvey: The next paper on the program is “Objective Testing of Vision 
with the Use of Galvanic Skin Response” by Mr. Henry N. Wagner, Jr. Discussion 
by Dr. John E. Bordley. 


Objective Testing of Vision with the Use of the Galvanic Skin-Resistance Response. 
Henry N. WAGNER, JR., Psychobiological Laboratory, Phipps Clinic, Johns 
Hopkins Hospital. 

Our aim is to outline a simple technique for the objective testing of vision. 
We have found a technique that is useful as an aid in the diagnosis of psychogenic 
or malingering factors in visual defects in man, whether the defects are present 
as a failure of visual acuity or as a limitation of the visual field, and that, with 
modifications, can be used for the study of vision in animals. 

We use a skin galvanometer that gives a graphic record of activity in the sym- 
pathetic nervous system, recording from the palm and back of the hand the changes 
in the electrical resistance that the skin offers to the passage of a minute direct 
electrical current. For visual acuity testing, the patient is first conditioned to 
expect a mild electric shock when a given letter is flashed on a screen which he 
faces. By projecting the eye chart, one letter at a time, passing the threshold in 
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both directions, one obtains the visual acuity by observing the wave record of the 
sympathetic activity. For perimetry, the patient is conditioned to respond to the 
sight of the white target dot. After the conditioning, the dot is slowly moved into 
the patient’s field from the periphery and the response when it comes into the 
visual field is obtained. Visual acuity has been studied by this method in four 
children, ages 5 to 13, in three cases of psychogenic blindness, in five Wilmer 
Institute patients, and in seven normals. Objective perimetry studies have been 
made in only one person. 

In the case of animals, to produce the immobility and fixed gaze necessary for 
visual studies with the galvanic skin response, we make use of a drug, bulbocapnine, 
which produces a cateleptic state in animals, sometimes referred to as experimental 
catatonia. Although immobilized, the animals (monkey, cat, and rat in our experi- 
ments) give active galvanic skin resistance responses to sensory stimuli of all 
types. 


Dr. Bordley: The work that Mr. Wagner has presented tonight and spoken 
so briefly of is not only of great interest but is the result of a lot of hard labor. 
Anyone who has worked with Dr. Richter’s skin resistance apparatus can appreci- 
ate the difficulties in obtaining the excellent results Mr. Wagner has shown us. 
My remark about Dr. Richter’s skin resistance technique does not mean that we 
have not found it of the greatest service in the work that Dr. Hardy and I have 
been doing in audiometry. We think this method offers a quick and accurate deter- 
mination for certain hearing problems, but the control of children is a very time 
consuming and difficult job. The work that Mr. Wagner spoke of that has been 
done with bulbocapnine is of particular interest to people working with condi- 
tioning of children or animals, and I believe when this approach has been further 
explored, we may find that he has made a real contribution in the development of a 
new technique to be employed in studying conditioned reflexes. I think Mr. Wagner 
should be congratulated. 


Dr. Harvey: The next paper on the program is “Biochemical and Morphological 
Differentiation in the Developing Cerebral Cortex” by Mr. Elston L. Belknap, 
Jr. Discussion by Dr. Louis B. Flexner. 


Biochemical and Morphological Differentiation in the Developing Cerebral Cortex. 
Eston L. BELKNAP, JR. (Department of Embryology, Carnegie Institution 
of Washington. Henry Strong Dennison Scholar in Embryology, 1948-49). 
(Introduced by Dr. Louis B. Flexner.) 

Evidence presented herein shows that there is a critical period in the cytological, 
biochemical, and possibly functional differentiation of the cerebral cortex of the 
fetal guinea pig. This period is between the 41st and 45th days, or two-thirds of 
the way through gestation. Striking changes have been found by the group at 
the Department of Embryology of the Carnegie Institution. During this period 
Niss] substance suddenly appears. The nucleus reaches its final volume at about the 
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same time. Cell processes suddenly start to sprout in great numbers, and there is a 
change in their refractive index to that characteristic of the adult. During this 
same time interval there is a striking rise in apyrase activity, an enzyme which 
releases stored energy. Immediately following this period, at the 45th day, spon- 
taneous potentials can be recorded from the cortex for the first time, with the 
reservation that it is not proved at present that these potentials arise in the cortex. 

My part in the program consisted in the study of certain respiratory enzymes, 
Just after the four day period of morphological differentiation succinic dehydro- 
genase activity rises abruptly to reach the adult level. Another respiratory enzyme, 
cytochrome oxidase, does not increase in activity until about term. 

This critical period in differentiation is not peculiar to the guinea pig cerebral 
cortex. It has been found in the cortex of the fetal pig by the Carnegie investigators 
and in the newborn rat brain by other investigators. 

It is important to remember that these changes in structure and chemistry 
can not yet be correlated as to cause and effect. At present one can only speculate 
as to the meaning of the changes. 


Dr. Flexner: The histochemical methods which Mr. Belknap and others of us 
have been forced to use in these studies have certain limitations. We are primarily 
interested in changes in the neurons of the cerebral cortex. We analyze, however, a 
sample of cortex containing nerve cells, processes of nerve cells and glia. Our 
interpretations will be on firmer ground when we learn about the biochemistry of 
glia and then correct our chemical analyses on the cortex for its content of glia. 


Dr. Harvey: The final paper on the program this evening is “The Histochemical 
Localization of Cholinesterase Activity” by Mr. George B. Koelle and Dr. Jonas 
S. Friedenwald. Discussion by Dr. J. G. Lilienthal, Jr. 


The Histochemical Localization of Cholinesterase Activity? GEorcE B. KoOELLE AND 
Jonas S. FRIEDENWALD, Wilmer Institute, Johns Hopkins University and 
Hospital. 

The localization of cholinesterase (ChE) in various tissues has been studied 
previously by indirect means (1, 2). Gomori (3) has published a histochemical 
technique for this purpose, but his data suggest that the method localizes non- 
specific types of ChE and not the physiologically important specific ChE. In the 
present method the substrate employed is acetyl-thiocholine (AThCh)(4), which 
is hydrolyzed at a greater velocity than acetylcholine by both types of enzyme. 
Frozen tissue sections or teased preparations are incubated for various periods in 
a solution containing AThCh and copper glycinate, which is buffered to pH 8.06 
and saturated with copper thiocholine. As the substrate is hydrolyzed to thiocholine 
by the enzyme present, copper thiocholine is precipitated, which is converted to 





? This work was supported by the National Institute of Health, John and Mary 
Markle Foundation, and Chalfant Fund. 
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copper sulfide by subsequent treatment with ammonium sulfide. The amorphous 
dark brown deposits of copper sulfide thus indicate the sites of enzymatic activity. 
In control preparations previously treated with di-isopropyl fluorophosphate the 
characteristic staining does not appear. 

In the intercostal muscles of the rat, ChE has been found to be concentrated 
most heavily in the regions of the motor endplates, as was suggested by earlier 
studies (1, 5). The ChE in the medulla oblongata of the rat is located within the 
neurons and the glial cells, where the cell nuclei are most heavily stained. Other 
sites of ChE activity noted include the ganglion and satellite cells of the sympa- 
thetic ganglia (cat), ganglion cells of the ileal myenteric plexus (rat) and adrenal 
medulla (cat), and the chromaffin cells of the latter tissue. In the retina of the al- 
bino rabbit, ChE activity appears to be confined largely to the layer of bipolar 
cells. 
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Dr. J. G. Lilienthal, Jr.: This is an exceedingly important fundamental contri- 
bution tothe field. Theelegant technique provides a tool for wideapplication to many 
problems hitherto not susceptible to direct analysis. 

It is worthwhile recalling that the current, useful schema describing the inter- 
action of acetylcholine and cholinesterase mechanisms, in situ, is based almost 
entirely on indirect evidence. The basis for the plausible concept that cholinesterase 
is localised in relatively high concentration at junctional sites is not the result of 
direct proof, with the single exception of the electric organ of the electric eel. 
The work presented here provides strong, direct support for current hypotheses. 
And when the method has been developed further to distinguish between various 
types of cholinesterase, it will provide a superb tool for direct analysis. 

The present lack of complete specificity is the probable explanation of the 
finding of apparently widespread distribution of the esterase in supporting tissue. 

There is another aspect of this work which is most encouraging. To echo Dr. 
Flexner’s comments, I would like to stress the difficulties attending any ‘“‘chemical 
dissection”’ of tissues in the isolation of a system dispersed or localised in a com- 
plex cellular aggregation. This technique of Drs. Koelle and Friedenwald provides 
the means to circumvent several difficulties involved in precise localisation. 

I should like to congratulate you on this important contribution. 





BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and 
not necessarily those of the members of the Editorial 
Board of this Journal) 


Current Therapy, 1949. Edited by Howarp F. Conn. 1949, 672 pp. $10.00. W. B. 
Saunders Co., Philadelphia. 

This book gives in concise outline form the therapy of medical diseases written 
by selected experts in their fields. It fulfills a need of the practitioner who can 
quickly obtain a guide to therapy, when therapy has made such rapid changes in 
the last decade. This type of book assumes that the physician has a good deal of 
judgment and experience and can apply the therapy with proper regard for the 
change in symptomatology, physical signs and diagnostic tests in each case. Each 
brief outline of therapy is the distilled and crystallized experience of the expert 
from observation of many patients. In applying the therapy, due consideration 
of the individual case variations is assumed. For this reason, this book is very 
valuable to the practicing physician with clinical experience and would not be a 
good text for the teaching of therapy to medical students or inexperienced staff, 
who need emphasis on the development of skill in observing the patient and de- 
velopment of judgment in each case based on a knowledge of fundamental physio- 
logic and pharmacologic principles. 

It is highly commendable that on many subjects, more than one (and sometimes 
conflicting) opinion is given, thus indicating that no outline of therapy is a rigid 
gospel, but is a very helpful organization of facts. 

The book accomplishes its purpose excellently. 

E. V. N. 


Handbook of Diseases of the Skin. RicHarp L. Sutton anp Ricuarp L. Sutton, 
Jr. St. Louis, The C. V. Mosby Co., 1949. 749 pp. $12.50. 

Here is an entirely new book by the Suttons, father and son, bringing to the 
number of four their texts on Dermatology. 

Larger than their Synopsis, it is smaller than “Introduction to Dermatology,” 
which in turn is much smaller than ‘“‘Diseases of the Skin,” the last edition of which 
appeared ten years ago. 

The book contains 749 pages. It is well indexed and illustrated and contains a 
moderately complete up-to-date bibliography. The reader finds with ease what he 
is seeking. 

The introductory chapters on the anatomy and physiology of the skin are well 
written, contain much that is new and interesting. 

Departing from common dermatological procedure, an attempt has been made 
to present the subject matter from the etiological standpoint as far as possible, 
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and in some instances, I think, farther than is possible at the present time. Although 
in general the purpose and intent is excellent in this respect, the presented concept 
of that enormous group of eruptions commonly called, ‘‘dermatitis,” or, “eczema,” 
is unjustifiedly oversimplified, in a way that will assuredly lead astray the inexperi- 
enced and unwary student, who meets in other parts of the book such terms as, 
“eczematized dermatitis,” “coccic dermatitis,” etc. I still believe it is simpler to 
stick to the term, “eczema”, when the cause is unknown, and, “dermatitis’’, 
when it (is) known, for that syndrome with which all experienced clinicians are 

In this connection, the principles of allergy and sensitivity are more profoundly 
and fully dealt with than in any other text on Dermatology. Particularly stimulat- 
ing is the inclusion of a paragraph on cutaneous autosensitization, even although 
the fundamental work of Burky with rabbit lens protein (Keratin), and rabbit 
muscle was not mentioned. 

The internal medical viewpoint toward Dermatology is emphasized throughout 
in this book tying in Dermatology with General Medicine in a most commendable 
manner, not so evident in previous texts. This is true of the section on syphilis 
where the subject is covered so fully, that much of it is written in fine print, very 
trying on the eyes. This section is very definitely written for the specialist, requir- 
ing a rather thorough background knowledge of the disease for its proper evalua- 

Complete and concise coverage is given to the acute infectious diseases, with a 
wealth of new information on both the common and rare ones, domestic and 
tropical, caused by viruses, rickettsias, bacteria, and fungi. 

The great value of modern treatment with anti-sera, sulfonamides, and anti- 
biotics in the infectious diseases is brought out, unfortunately sometimes in an 
obscure fashion, due to the inclusion of older approaches in the discussions of 
treatment. The relative specificity of sulfapyridine in the treatment of dermatitis 
herpetiformis might have been stressed, since it is well known. 

The treatment of Acne Vulgaris deserves special comment. The Suttons argue 
that the cause of Acne Vulgaris rests in part on the premise that overabundantly 
ingested fat finds its way outside the body by way of the hair follicles, thus causing 
them to become packed with sebum, which in turn leads to the picture we know as 
Acne; and that therefore this disease can be cured by lowering the fat intake and 
administering thyroid extract to lower lipemia. 

H. H. H. 


Hindu Medicine. By Henry R. Zoomer, Ph.D. Baltimore, The Johns Hopkins 
Press, 1948. 201 pp. $4.00 

In November 1940, Henry Zimmer, distinguished student of Indian history and 

culture, delivered the seventh course of the Hideyo Noguchi Lectureship at the 

Johns Hopkins Institute of the History of Medicine. His subject was Hindu 

Medicine. Zimmer died before he finished revising his manuscript for publication, 

and this volume includes only the first two lectures. Zimmer described the primi- 
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tive medical lore of India, and the rationale of Hindu medicine. The education of 
the physician is depicted along with the difficulties encountered in the study of 
the basic source of anatomy. Each Hindu physician was instructed to ask himself 
four questions. First, are the complaints of the patient based on some real suffering 
or is he only seemingly ill? If he is ill, with what kind of suffering is the patient 
afflicted, and what is its origin? The third question is can the disease be cured or not? 
If it can, what kind of treatment is indicated for this particular ailment? 

The lectures are introduced by a short biography of Zimmer by Ludwig Edel- 
stein. 

O. D.R. 


Medical Writing. Second edition. By Morris FisHsem. Illus. 292 pp. $4.00. 
The Blakiston Company, Philadelphia, Pennsylvania, 1948. 

The usefulness of a guide to good medical writing need scarcely be argued. 
This book which represents the theory and practice associated with the conduct 
of the editorial department of the American Medical Association is one of the best 
on the subject. Its scope is indicated by some of the chapter headings: “An Accep- 
table Paper. Style. Construction of the Manuscript. Words and Phrases. Spelling. 
Bibliographic Material. Preparation of the Manuscript. Illustrations. Tables and 
Charts. Revision. Proofreading.” 

Any medical author who wishes to improve both the scientific value and the 
literary quality of his work will find this book most helpful. 


Parathyroid Glands and Metabolic Bone Disease. By FULLER ALBRIGHT AND EDWARD 
C. REIFENSTEIN, JR. 393 pp. The Williams & Wilkins Company, Baltimore, 
1948. 

The book is exactly what it purports to be, a compendium of the extensive ex- 
perience and researches of the authors on diseases of bone, both with and without 
metabolic disease. There are many excellent x-ray reproductions, and the authors 
have used charts and diagrams liberally to portray the metabolic data. Theories 
and postulates, which are admittedly ‘“‘as of today and subject to change” if and 
when data to the contrary may be elicited, are highly provocative. The book is 
written in a light, readable style and contains a wealth of information which should 
be highly useful to internist and orthopedist alike. The manuscript is excellently 
proof read, and documented with a wide bibliography. 

J. E. H. 


Posttraumatic Epilep-y. By A. EARL WALKER. 90 pages $2.75. Illustrations. Charles 
C. Thomas, Springfield, Illinois, 1948. 

This small monograph is one of a series of American Lectures in Surgery given 
by authorities in different fields. The subject is one with which the author has had 
considerable clinical experience in this country, and to which he has contributed 
experimentally, 
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Whereas the monograph is based largely on his personal findings and experience, 
he has drawn wisely from the literature on the subject. Especially noteworthy 
is his rigid limitation of what constitutes “posttraumatic epilepsy.’”’ He has pointed 
out its relative rarity in the absence of gross evidence of previous severe, open, 
head injury. For many reasons, this long-known observation is constantly neglected 
by physicians and unrecognized by the laity. In such event, delayed recognition 
of non-traumatic lesions on the one hand, or unnecessary investigations on the 
other, may result. By the same token, he has wisely indicated the comparative 
infrequency with which surgical intervention should be undertaken in these cases. 
Good medical management is the basis of treatment. The results, in his and other 
hands, of augmenting such care in refractory cases by focal extirpation, are stated 
clearly. 

Brevity has perhaps caused a seemingly restricted treatment of certain aspects 
of the subject. For the general physician, a more detailed description of the varied 
features of explosive attacks, and a consideration of diagnostic difficulties, would 
have added to the value of the book. Similarly, and exemplified strikingly by the 
author’s own material, one might have expected a more complete consideration of 
the emotional features associated with this entity and with severe head injuries in 
general. These practical points, however, are minor criticisms of a clear and well- 
considered presentation of the current status of the “‘discharging focus.” 

J. W. M. 


The Uses of Penicillin and Streptomycin. By Cuester Scott KrEerer, M.D. 
University of Kansas Press, Lawrence, Kansas, 1949. 72 pp. $2.00. 

This concise little book covers in a simple straightforward way the clinical 
uses of these two most common antibiotics. The book consists of three lectures 
which Dr. Keefer gave at the University of Kansas. The lectures have been ap- 
parently geared for the busy general practitioner who needs a ready guide to the 
indications for, methods of administration, and dosage of these two drugs. As 
such it is in most places very satisfactory. It does not go beyond the didactic and 
concise presentation which can be found in any of the drug house bulletins. 

The third chapter is a quick historical sketch of the attempts at developing 
antibiotics which followed Pasteur’s observation of the competition between 
bacteria, both in the test tube and in the animal body. This, too, is clear and in 
several places informative. 

The book then is a satisfactory one, but not an essential one. 

F. B.. B: 


Textbook for Almoners. By Dorotuy Mancute, St. Mary’s Hospital, London. 
The Williams & Wilkins Company, Baltimore. 452 pages. $7.50. 
This book presents a brief history of hospital social work in England and a com- 
prehensive picture of its community resources as of 1947. One gets a sense of the 
Almoner’s continuing struggle to be relieved of routine duties so that she might be 
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able to offer more clearly defined services as a medico-social worker. Instead, a 
large portion of her time is spent with fee setting, follow-up, and numerous other 
time-consuming duties. It is not surprising that such a book, with its emphasis on 
the details of routine procedures, would have little remaining space for discussion 
of social work skills in a medical setting. 

This, perhaps, would be a useful handbook for beginning Almoners, but would 
be of little value to Medical Social Workers in this country. 


V. M. 
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